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abstract. For example: 

The metabolism short-chain fatty acids the 

sheep. The pathway propionate metabol- 

ism rumen epithelial tissue. Pennington 

and Sutherland. Biochem. 1956, 63, 

(Rowett Research Institute, Bucks- 

burn, Aberdeenshire, Scotland)—(Abstract). 


Reprints. Where least one author paper 
member the Biochemical Society, twenty-five 
reprints are supplied free cost. author may 
purchase additional reprints notifies the Press 
the appropriate form immediately the proof 
the paper received. Communications about the 
purchase reprints should addressed the 
University Press, Cambridge. 


General. the policy the 
Journal publish papers all fields bio- 
chemistry—plant, animal and microbiological— 
provided that they describe results which make 
new and fundamental contribution 
chemical knowledge, that they describe methods 
applicable biochemical problems. Submission 
paper the Editorial Board will held imply 
that reports unpublished work, that not 
under consideration for publication elsewhere, and 
that accepted for the Biochemical Journal will 
not published elsewhere the same form, either 
English any other language, without the 
consent the Editorial Board. 

Contributors who reside abroad may nominate 
somebody Great Britain who willing correct 
the proofs their papers. Proofs are also sent 
all authors residing abroad, necessary airmail, 
whether not they have nominated proof reader 


p- t.o. 


| 


Great Britain; these are returned immediately, 
will normally possible incorporate correc- 
tions the final proof. The method correcting 
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acknowledgements the end the paper. 

Typescripts should bear the name and address 
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Lactic and Malic Dehydrogenases the Developing Chick Embryo 


SOLOMON 
Chester Beatty Research Institute, Institute Cancer Royal Cancer Hospital, 
Fulham Road, London, S.W. 


(Received April 1958) 


study the activity and distribution glut- 
amic dehydrogenase various tissues the 
developing chick embryo has recently been made 
(Solomon, 1957). was found that glutamic de- 
hydrogenase showed marked fluctuations 
activity certain tissues various stages 
development. However, only relatively low 
amounts the enzyme were found all tissues 
the chick embryo and fowl, the formation 
glutamic acid from carbohydrate sources via the 
citric acid cycle did not appear important 
metabolic route avian tissue. similar study 
reported here lactic dehydrogenase and malic 
dehydrogenase, which are both pyridine nucleotide- 
dependent and utilize homologous keto acids 
substrates. 

The activity lactic dehydrogenase and malic 
dehydrogenase the very early chick embryo has 
not been measured, and was not known whether 
chick blastoderms possessed relatively high amounts 
these enzymes, was found the case for 
glutamic dehydrogenase (Solomon, 1957). Sachs, 
Ephrussi Rapkine (1933) found that lactic, 
succinic and citric dehydrogenases were present 
extracts chick embryos. Booth (1935) 
could not detect lactic dehydrogenase the chick 
embryo until after days’ incubation but found 
that some the enzyme was present the yolk 
sac the seventh day. Grieg, Munro Elliott 
(1939) studied the metabolism the 6-day-old 
chick embryo the Warburg technique and found 
that whereas acid was reduced lactic 
acid, malic and oxaloacetic acids were not appreci- 
ably metabolized. the use spectrophoto- 
metric methods, both lactic dehydrogenase and 
malic dehydrogenase very similar levels 
activity have been found all the developing 
embryonic tissues studied. preliminary report 
some this work has been given (Solomon, 1958). 


EXPERIMENTAL 


Materials. Pyruvic acid and lactic acid (British Drug 
Houses, Ltd.) were purified distillation under reduced 
pressure (pyruvic acid, b.p. 63-64° lactic acid, 
b.p. 140° mm.). Oxaloacetic acid, diphosphopyridine 
nucleotide (DPN) and malic acid were from Light and 
Co. Ltd., and reduced diphosphopyridine nucleotide 


(DPNH) was from Béhringer und Séhne G.m.b.H., 
Mannheim-Waldhof, Germany. 

Tissues. Eggs obtained from Rhode-Island Red Light 
Sussex fowls (Appleby Farm Ltd., Ashford, Kent) were 
incubated 37° Westernette incubator. After varying 
periods incubation, embryos and their extra-embryonic 
tissues were separated from the egg yolk and white, placed 
ice-cold isotonic saline (0-9% sodium chloride) and their 
morphological development was classified according the 
stages proposed Hamburger Hamilton (1951). The 
average incubation times quoted these authors for 
each stage were used that morphological development 
expressed ‘corrected incubation time’. Blastoderms 
were removed whole and carefully rinsed clean adhering 
yolk platelets; the ten-somites stage (35 hr. incubation 
time) the embryo was removed from the rest the blasto- 
derm (the opaque area). When the opaque area became 
vascular, was subdivided into the vascular area (limited 
the sinus terminale) and the outer periphery the 
yolk sac, until the vascular area completely surrounded the 
yolk (at about stages the total extra- 
embryonic tissue was separated into the yolk sac and 
allantoic membrane. Tissues studied were the blastoderm 
(embryo with opaque area), the embryo from hr., the 
vascular area (35 hr. days), total yolk sac from hr. 
and the allantoic membrane from days incubation. 
Tissues were stored 

Assay lactic dehydrogenase oxidation reduced 
diphosphopyridine nucleotide. This based the spectro- 
photometic method introduced Kubowitz Ott (1943) 
and described Kornberg (1955), which the oxidation 
DPNH observed the reduction absorption 
340 during the production lactic acid from pyruvic 
acid. The reaction mixture and blank contained 
DPNH (sodium salt), KCN, 1-2 m-moles 
nicotinamide, buffer, 7-4 (2-5 ml.), and 
sample enzyme solution homogenate (0-02 ml.). The 
final volume was ml. The buffered solution KCN and 
nicotinamide was brought 20° allowing stand for 
min. water bath stoppered tubes. The optical- 
density reading for the blank was set 0-4 spectro- 
photometer (Unicam SP. 500), and sodium pyruvate 
solution (0-1 ml.) was added the reaction 
mixture the other cuvette and mixed stirring with 
glass spatula. After addition sodium pyruvate the 
decrease optical density the reaction mixture with 
respect the blank was measured every sec. for min. 
20°. During this period the rate oxidation usually 
proceeded linearly; not, readings were taken over 
similar period which did show linearity. 

Assay malic dehydrogenase oxidation reduced 
diphosphopyridine nucleotide. method similar that 
described Ochoa (1955) was used. This method the 
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same that used for lactic dehydrogenase (LDH) de- 
scribed above, except that the substrate added was sodium 
oxaloacetate instead sodium pyruvate. 

Diphosphopyridine nucleotide-reduction reaction for lactic 
dehydrogenase. Enzyme activity was also measured the 
increase absorption 340 due the reduction 
DPN (cf. Nielands, 1955) during the production pyruvic 
acid from lactic acid. The same reaction mixture was used 
DPN were used instead DPNH and the substrate was 
sodium lactate (0-2 m-mole), prepared the method 
Nielands (1955). The increase absorption 340 was 
measured every sec. for min. 20°. 

Diphosphopyridine nucleotide-reduction reaction for malic 
dehydrogenase. The reaction mixture used was identical 
with that for LDH described above except that the sub- 
strate was sodium L-malate (0-3 m-mole). The rate the 
DPN reaction for both LDH and malic dehydrogenase 
(MDH) was only the rate the DPNH reaction 
under these conditions. DPN was dissolved water and 
DPNH buffer, 7-4, immediately 
before use. One unit LDH MDH activity defined 
that amount which causes DPNH oxidized 
used the molecular-extinction coefficient DPNH. 

Protein determination. The method Sutherland, Cori, 
Haynes Olsen (1949) was used. Bovine plasma albumin 
(Armour Laboratories) dissolved buffer, 
was used standard protein. Estimations were 
made within the range albumin 4-5 ml. 

Optimum pH. The optimum purified LDH 
15-day-embryo liver was 7-6 for the DPNH-oxidation 
reaction and for the DPN-reduction reaction. The 
optimum homogenate 4-day-old chick embryo 
was 7-4 for the DPNH-oxidation reaction and 8-6 for the 
DPN-reduction reaction. Both DPN reactions were 
doubled velocity increasing the from 7-4 8-6. 
The optimum the purified fowl-liver MDH was 7-8 
for the DPNH-oxidation reaction and 8-0 for the DPN- 
reduction reaction; the corresponding values for homo- 
genate 4-day-old chick embryo were 7-4 and 8-8 
respectively. 

Homogenates. Tissue homogenates were prepared ice- 
cold water means plastic (Teflon; polytetrafluoro- 
ethylene) pestle glass homogenizer. Whole embryos, 
from days old, had their legs and beaks removed 
and were homogenized Waring Blendor; the homo- 
genate was then filtered through lint remove feathers and 
other insoluble material. Enzyme assays were performed 
immediately after homogenization. early stages 
development, tissues from six twelve eggs were pooled 
for each homogenate; later stages tissues from four 
eight eggs were used. 

Partial purification lactic dehydrogenase from embryonic 
liver. Livers obtained from 15-day chick embryos were 
homogenized and the particulate matter was removed 
spinning 57000g the no. rotor the Spinco 
(model preparative) ultracentrifuge for Certain 
stages the method Straub (1940) were then applied 
the supernatant: initial ammonium sulphate precipita- 
tion was followed acetone precipitation and then 
another ammonium sulphate (0-5 saturation) precipitation. 
The preparation finally obtained had turnover 
2400 moles DPNH oxidized/min./100 kg. protein; 


this approximately one-ninth the turnover number 
crystalline LDH obtained from ox-heart muscle Nielands 
(1954). With sodium oxaloacetate substrate the prepara- 
tion from embryonic liver oxidized DPNH one-tenth 
the rate that when sodium pyruvate was used sub- 
strate. 

Partial purification malic dehydrogenase from livers 
9-weeks-old fowls. Certain steps the method Straub 
(1942) were applied mince liver from 9-week-old 
fowls. These consisted extraction acetone-dried 
powder, treatment with calcium phosphate gel and frac- 
tional ammonium sulphate precipitation (the bulk the 
MDH was the 50-65 fraction). The preparation finally 
obtained had turnover number (as defined above) 
3160, which approximately one-tenth the value for 
highly purified MDH pig heart (Ochoa, 1955). With 
sodium pyruvate substrate, this preparation oxidized 
DPNH the rate that when sodium oxalo- 
acetate was used substrate. 

Enzyme concentration. both homogenates and purified 
enzyme preparations LDH and MDH activities were pro- 
portional the concentration enzyme. Suitable dilu- 
tions enzyme were made that the change optical 
density per minute was never greater than 0-03 unit. 

Inhibition further check that the 
enzyme-assay methods were specific for LDH and MDH, 
comparative inhibition studies were made purified pre- 
parations these enzymes and homogenates 4-day- 
old chick embryos. All inhibitors were pre-incubated the 
enzyme reaction mixture with the enzyme for min. 
20° before addition DPNH and substrate. The inhibitory 
action end products both enzyme reactions (lactic and 
malic acid), some inhibitors which react with DPNH, 
some metal-chelating agents [zinc has been reported 
constituent both LDH and MDH Vallee Wacker 
(1956) and Vallee, Hoch, Adelstein Wacker 
sodium iodoacetate, sodium azide and p-chloromercuri- 
benzoate were studied. method purification 
chloromercuribenzoate due Boyer (1953) was used and 


the concentration the p-chloromercuribenzoate solution 


RESULTS 
Experiments with inhibitors 


Results experiments the inhibition LDH 
and MDH activities purified enzyme prepara- 
tions from liver and embryonic liver are com- 
pared with the inhibition these enzyme activities 
homogenates 4-day-old chick embryos 
Table Significant inhibition LDH 
relatively high concentration sodium lactate and 
MDH sodium malate accord with the 
specificity these enzymes. Sodium sulphide was 
powerful inhibitor both LDH Terayama 
Vestling, 1956) and this inhibitor has been 
found react non-enzymically with pyridine 
nucleotides form addition products (van Eys, 
Kaplan Stolzenbach, 1957). Iodine potassium 
iodide solution gave nearly complete inhibition, 
was found also Nielands (1954). contrast 
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Table Effect inhibitors malic and lactic dehydrogenases 
For details see Experimental section. 
Inhibition (%) MDH Inhibition (%) LDH 
Purified 4-Day chick Purified 4-Day chick 
Conen. fowl-liver embryo embryonic embryo 
Inhibitor MDH homogenate liver LDH homogenate 
Sodium sulphide 0-01 100 100 100 
100 100 100 


Pre-incubation for min. 20°. 


Table Lactic and malic dehydrogenases egg 
yolk during development the chick embryo 


For details see Experimental section. 


Enzyme activity 


Incubation (units/mg. protein) 
period 
(days) LDH MDH 

520 270 
8300 8500 


with the findings Vallee Wacker (1956) and 
Vallee al. (1956), sodium diethylthiocarbamate 
and caused little inhibition 
LDH and MDH activity. This lack inhibition 
probably due the milder conditions pre- 
incubation used the experiments reported here 
(B. Vallee, personal communication). The iodo- 
acetate-inhibition results for fowl MDH are 
reasonable agreement with those Green (1936), 
who obtained 60% inhibition MDH treat- 
LDH was obtained with sodium iodoacetate, 
was found also Nielands (1954) and Hill (1956). 
The complete lack inhibition LDH obtained 
been previously reported (Barron Singer, 1945), 
but more recently Nielands (1954) has obtained 
inhibition LDH with this inhibitor. Inhibition 
MDH with comparatively high concentra- 
tions p-chloromercuribenzoate has been ob- 
tained this work and all cases addition 
cysteine restored activity. 


Addition cysteine (30 restored activity. 


Activity lactic and malic 
dehydrogenases egg yolk 


The LDH and MDH activities found unincu- 
bated egg yolk and yolk taken from embryo- 
nated eggs during development are shown 
Table Both LDH and MDH levels remain very 
low until after days incubation (except for 
the higher values days) and only the 
18th day that large increase occurs. 


Activity lactic and malic dehydrogenases 
the whole chick embryo 


LDH and MDH activities/g. wet wt. the whole 
chick embryo during development from 1-5 
days are shown Fig. MDH activity 
always greater than LDH activity and the 
embryos from days and days there 
was about twice much MDH LDH. The sharp 
increase both enzyme activities after the tenth 
day due general increase protein/g. wet 
wt.; when MDH and LDH activities were expressed 
per milligram protein significant change 
during development was observed. The average 
levels activity were LDH 0-1 unit and MDH 
0-2 unit/mg. protein. 


Lactic and malic dehydrogenases 
blastoderms and extra-embryonic tissues 
The LDH and MDH activities/g. wet wt. 
blastoderms, yolk sac and vascular area yolk sac 
are shown Figs. and respectively. The MDH 
activity the blastoderm four times greater 
than the LDH activity and although MDH 
activity the yolk sac initially higher than that 
LDH, from the fifth day incubation onwards 
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they become about LDH and MDH 
activities the vascular area the yolk sac also 
appear very similar and there sharp rise 
the third day incubation which precedes the 
general rise MDH and LDH the total yolk sac. 
variation protein/g. wet wt. occurs the 
yolk sac, LDH and MDH activities expressed per 
milligram protein show similar fluctuations. 
Blastoderms possess LDH 0-01 unit and MDH 
0-04 unit/mg. protein, and the greatest activity 
the yolk sac, about the sixth day incubation, 


LDH and MDH activities (units/g. wet wt.) 


Incubation time (days) 
Fig. Lactic dehydrogenase (LDH) and malic dehydro- 
genase (MDH) activities/g. wet wt. the whole chick 
embryo during development. MDH; LDH. 


LDH activity wet wt.) 


Incubation time (days) 

Fig. Lactic dehydrogenase (LDH) activity/g. wet wt. 
the yolk sac during development the embryo, 
Blastoderm; vascular area the yolk sac; yolk 
sac. 


corresponds LDH 0-08 unit and MDH 0-08 unit/ 
mg. protein. 

creased twofold from 0-08 unit/g. wet wt. days 
0-16 unit days; MDH increased tenfold 
during this period from 0-34 3-3 units/g. wet wt. 
During this period development there four- 
fold rise total protein/g. wet wt. the chorio- 
allantoic membrane, that whereas LDH 
activity/mg. protein decreased, MDH activity/ 
mg. protein increased. 


Activity lactic and malic dehydrogenases 
organs the developing chick embryo 


There little variation the total protein/g. 
wet wt. the heart, brain and skeletal muscle 
the chick embryo during development. However, 
there nearly twofold increase the total 
protein/g. wet wt. the liver about days 
furthermore, Davidson Leslie 
(1950) have shown that there similar twofold 
increase protein nitrogen per unit weight 
deoxyribonucleic acid phosphorus the liver the 
chick embryo about days incubation and 
also slight increase protein nitrogen per unit 
weight deoxyribonucleic acid phosphorus the 
heart the same period incubation. LDH and 
MDH activities embryonic and adult organs are 
expressed only per milligram protein, shown 
Figs. and for expression the 
activities terms acid phos- 
phorus wet weight would only illustrate the 
above variations. LDH activities given Fig. 
show that there increase LDH activity per 
milligram protein the developing muscle 
days after hatching and only slight increase 
the brain after days’ incubation. Heart LDH 
increased twofold days, but did not 
exceed the level LDH the heart the laying 


MDH activity (units/g. wet wt.) 


Incubation time (days) 

Fig. Malic dehydrogenase (MDH) activity/g. wet wt. 
the yolk sac during development the embryo. 
Blastoderm; vascular area the yolk sac; yolk 


Vol 


hen, 
prot 
forn 
incu 
only 
the 
3-da 
iner 
prot 
ine 


LDH activity (units/mg. protein) 


=~ 


MDH activity (units/mg. protein) 


a 
° 
a 
a Aa 
4 ao 
O 
Fig. 
e 
e 
ee 
ee 
e 
3 
a 
1 
Fig. 
pro 
Liv 


Vol. 


hen. the liver, LDH activity per milligram 
protein increased threefold during the period 
7-14 days incubation and then dropped its 
former level during the period from days 
incubation hatching; adult-liver LDH 
lower level than that the 3-day-old chick. The 
only striking change levels LDH tissues 
the adult hen when compared with those the 
3-day-old chick the muscle, where LDH activity 
increased nearly fivefold during late development. 

The pattern MDH activity per milligram 
protein developing embryonic organs shown 
Fig. and similar that LDH. MDH 
activity showed steady increase threefold 
embryonic brain from days incubation 
days after hatching. similar rate increase 
MDH was found embryonic skeletal muscle; 
both brain and skeletal-muscle MDH were slightly 


LDH activity (units/mg. protein) 


Fig. Lactic dehydrogenase (LDH) activity/mg. 
protein tissues the developing chick embryo. 
Liver; muscle; heart; brain. 
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Fig. Malic dehydrogenase (MDH) activity/mg. 
protein tissues the developing chick embryo. 
Liver; muscle; heart; brain. 
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higher the adult hen than the 3-day-old chick. 
MDH the developing heart increased similar 
rate that brain and skeletal-muscle MDH, 
except for slight surge activity days 
incubation. The adult heart contains three times 
much MDH per milligram protein the 3-day- 
old chick; this was the only adult tissue show 
marked increase MDH when compared with 
embryonic tissue. Liver MDH increased rapidly 
from the seventh about the thirteenth day 
incubation but had returned its original level 
just before hatching. 

The liver contained considerable proportion 
the total body LDH and MDH throughout early 
development. days incubation the liver 
contained the total body LDH and 
MDH remained unchanged but 40% the total 
body LDH was now located the liver. 

When the LDH MDH content the whole 
liver was plotted against the wet weight the 
whole liver logarithmic scales, was found that 
early development the growth curves for LDH 
and MDH the liver are indistinguishable; but 
break occurs liver weights corresponding 
12-16 days incubation, and the accumulation 
MDH during this stage slightly more rapid than 
that LDH. After this break the LDH and MDH 
curves continue the same slope the early 
embryonic period development. 


DISCUSSION 


Although the yolk known possess high pro- 
tease activity and relatively high glutamic de- 
hydrogenase (GDH) activity during early develop- 
ment, only traces LDH and MDH activity have 
been found the yolk until after the fourteenth 
day incubation. appears that synthesis 
LDH and MDH characteristic cellular 
metabolism and not appreciably involved the 
metabolism the proteolysing yolk. 

One the largest quantitative differences 
levels LDH and MDH activities tissues the 
chick embryo found the blastoderm, 
where there four times much MDH LDH. 
LDH activity its lowest level the blasto- 
derm, which, however, possesses the highest level 
GDH found embryonic tissues (nearly one- 
half the LDH activity). 
contrast with the GDH activity the opaque area, 
which drops rapidly during the next days 
incubation, both LDH and MDH remain the 
blastodermic level until the sixth day incuba- 
tion, when they both rise the same level (about 
units/g. wet wt.). This increase activity (sixfold 
for LDH) resembles smaller and earlier increase 
GDH the yolk sac days incubation, 
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which was postulated being concerned with 
mobilization GDH the yolk (Solomon, 1957). 
With LDH, the rise this enzyme the yolk sac 
may connected with increase lactic acid 
egg yolk and white which reaches maximum 
days incubation (Tomita, 1921). Again, 
contrast with GDH, the LDH and MDH activity 
the blastoderm and yolk sac, instead being 
similar level that the 15-day-old liver, only 
about one-hundredth the maximum liver LDH 
and MDH activity. 

LDH and MDH both increase equally with total 
protein the whole chick embryo, was also 
synthetase (Rudnick, Mela Waelsch, 1953). The 
levels MDH and LDH are about 100 times 
great that GDH the whole embryo. Levels 
DPN have been measured the whole chick 
embryo during the same incubation period Levy 
Young (1948), who found that amounts DPN 
varied only within the range 111—192 wet wt. 

The patterns LDH and MDH activities per 
milligram protein the developing brain and 
skeletal muscle show slight difference that 
although the LDH remained constant there 
general increase MDH these tissues during 
development. the heart there slight increase 
LDH and MDH, with MDH showing very 
small surge activity the fourteenth day. The 
liver shows rapid rate increase LDH and 
MDH during the period 7—12 days incubation, 
then the activity levels drop during the period 
days incubation and show further 
increase even the adult liver. The peak 
activity days incubation the highest 
level (1-5 units/mg. protein) either LDH 
MDH any time during development, except for 
MDH the adult heart. The LDH and MDH 
activities per milligram protein the 15-day-old 
liver are 800 times that liver GDH. The decrease 
liver enzyme activity after the sixteenth day 
incubation may due cessation enzyme 
synthesis against background steady increase 
protein other than LDH and MDH. However, 
from the break the growth curves for these 
enzymes would appear that there sudden 
synthesis LDH and MDH during the period 
9-12 days incubation. After days incuba- 
tion the normal rate synthesis continues this 
elevated level enzyme activity, which about 
days incubation has reverted the normal 
level. 

The significance this temporarily increased 
level LDH and MDH during the period 
days development not known, but unlikely 
connected with the small steady increase 
glycogen known occur the liver during this 
time (Lee, Kingsbury, 


Alexanderson Kornstein (1956), the tubular 
pattern the liver the chick embryo was first 
seen the fifth day incubation, and the 
fifteenth day the liver had similar tubular pattern 
that the adult. Although similar studies (J. 
Solomon, unpublished work), which embryonic 
and adult livers were stained with haematoxylin 
and eosin, have confirmed this finding, the liver 
incubation. Unfortunately synthesis enzyme 
measured homogenates developing tissues can 
never directly linked with processes involving 
morphogenesis and differentiation without the 
use good histochemical techniques. 

The complex process differentiation em- 
tissue may accompanied, preceded, 
surges enzyme activity during development. 
These surges activity may represent stages 
enhanced metabolic activity associated with pro- 
duction energy propagate the regrouping 
cells early morphogenesis changes cell 
type during differentiation. Quantitative measure- 
ments certain enzyme activities have already 
shown that chick embryonic tissue has rapidly 
changing character during its early development 
and that high enzyme activities are not necessarily 
restricted adult tissues (Moog, 1952; Solomon, 
1957). 

Spiegelman (1948) has suggested that synthesis 
specific enzyme (in micro-organisms) may lead 
differentiation the organism, and following 
this line thought might said that the 
increase LDH and MDH the liver the chick 
embryo during days incubation may 
involved in, accessory to, certain processes 
differentiation which occur this organ this 
time. The phenomenon the high levels liver 
LDH and MDH activities during days 
incubation probably represents temporary 
metabolic state essential the transition from 
embryonic adult function. 


SUMMARY 


The action certain inhibitors purified 
preparations lactic dehydrogenase (LDH) from 
the liver the 15-day-old chick embryo and 
malic dehydrogenase (MDH) from the liver the 
9-week-old fowl have been compared with the 
inhibition these enzymes homogenates 
whole 4-day-old chick embryos. 

Both LDH and MDH have been found 
increase equally with total protein the chick 
embryo during development. 

Blastoderms showed the lowest LDH and 
MDH activity all embryonic tissues studied and 
peak both LDH and MDH activity occurred 
the whole yolk sac days incubation. 
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Although LDH activity per milligram 

protein the developing brain and skeletal muscle 
did not increase during early development there 
was slight increase LDH the heart and 
threefold temporary increase the liver between 
and days incubation. 
MDH activity per milligram protein in- 
creased steadily throughout early development 
the brain, heart and muscle, but showed tem- 
porary twofold increase the liver between and 
days incubation. 

The levels LDH and MDH activity 
organs are compared with those the 
adult hen. 
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The Separation and Properties the Neurotoxins from the 
Venom the Tiger Snake Notechis scutatus scutatus 


HAZEL DOERY 
Commonwealth Serum Laboratories, Parkville, Victoria, Australia 


(Received March 1958) 


The Commonwealth Serum Laboratories prepare 
antivenenes for the venoms the Australian tiger 
snake Notechis scutatus scutatus and the taipan 
Oxyuranus scutellatus. These antivenenes provide 
various degrees protection against other 
Australian snake venoms, the extent which 
readily explained for all terms the pre- 
dominant pathological effect each venom. For 
instance, the venoms Notechis scutatus and 
Demansia textilis textilis are both predominantly 
action, but the antivenene for 


Notechis scutatus provides little protection against 
the venom Demansia textilis textilis. 

first approach the question which 
antigens are shared different species Austra- 
lian snake venoms, attempt was made isolate 
the neurotoxin the venom Notechis scutatus 
from the components responsible for the other main 
pathological effects the whole venom. These 
components include haemolysin and 
coagulating factor. effect the eyes, cul- 
minating high incidence blindness among 
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animals surviving near-lethal dose (Kellaway, 
1929), distinguishes the venom Notechis scutatus 
from other Australian snake venoms. 

Experiments aimed isolating the main com- 
ponents venoms reported Martin (1896), 
Kellaway, Freeman Williams (1932) and Holden 
(1933) were part the early fundamental studies 
Australian snake venoms. New methods separ- 
ating proteins have made possible extend the 
isolation venom components. Further, while the 
last step the fractionation procedures about 
described was being developed, namely the chro- 
separation the Amberlite resin 
IRC-50, the isolation crotactin, the acidic 
neurotoxin from the venom Cortalus terrificus 
terrificus, was reported Neumann Habermann 
(1955), who used the same resin. Subsequently, 
Gongalves (1956) reported the chromatographic 
separation this resin crotamine, the basic 
neurotoxin, from the same venom. The similarity 
the sequence which the main components 
the latter venom and that studied here were 
separated seems significant. The sequence each 
case was the removal the coagulating factor, the 
separation two types neurotoxins alcohol 
fractionation and the chromatography these 
the resin IRC-50. 

This paper presents evidence that number 
neurotoxins occur the venom 
scutatus. These have been separated from the 
enzymes responsible for the other main patho- 
logical effects the venom and include two types 
neurotoxins. 


MATERIALS AND METHODS 


purchased from Worrell, Umina, New South Wales, 
Australia, had been dried over calcium sulphate soon 
possible after collection. Pooled lots were powdered and re- 
dried vacuo over phosphorus pentoxide. 

Preparation resin Amberlite The resin 
research gift from Winter, Rohm and Haas Co., 
Pa., U.S.A.) was prepared for chromato- 
graphy the method described Hirs, Moore Stein 
(1952) and then equilibrated with the appropriate buffer. 
The resin was recovered after use recycling through the 
sodium form followed heating for hr. with 
boiling-water bath, washing and then re-equilibrating 
desired. 

Paper electrophoresis and elution. The methods were 
essentially those Kunkel Tiselius (1951), Munktell 
no. filter paper being used. Dextran was used 
indicator the extent electro-osmosis. Samples 
250 were examined (w/v) solutions the buffer 
solution selected. After staining with bromophenol blue, 
elution curves were drawn relating the optical density, 
590 the dye eluted from successive segments the 
paper strip with the distance these from the point 
application the sample. Where samples were examined 
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adjacent spots the same strip paper, the elution 
curves for each are recorded the same figure. 

Toxicity. White mice groups two five were 
injected subcutaneously with ml. solutions venom 
over suitable range concentrations 50% steps. 
Deaths were observed days and the was 
calculated. 

Coagulating factor. This was determined the coagula- 
tion citrated plasma vitro. The time was recorded 
seconds for the coagulation 37° human 
citrated plasma 0-2 ml. solutions dried venom and 
fractions thereof, tenfold dilution steps. The concentra- 
tion the coagulating factor the venom fractions was 
recorded percentage that dried venom refer- 
ence curves relating the logarithm the concentration 
the logarithm the time coagulation (Rosenfeld 
Lenke, 1935). 

Haemolysin. The NaCl-sodium acetate buffer, 6-0, 
used Holden (1934), was adopted. Rabbit blood was 
collected and stored the suspending fluid described 
Rous Turner (1916). Washed rabbit cells were suspended 
vol. the standard buffer required, and CaCl, was 
added give concentration mg./ml. suspension. 
Portions (0-1 ml.) the suspension rabbit cells were well 
mixed with 0-2 ml. lots the venom solutions suitable 
range concentrations 37°. The mixtures were shaken 
regular intervals, and the time (min.) for complete 
haemolysis was recorded (Holden, 1934). From the curves 
relating log conen. and log time for complete haemolysis, 
for dried venom and fractions thereof, the concentration 
haemolysin the venom fractions could determined 
and expressed percentage that the dried 
venom. 

When eluates from chromatography 
examined, samples (0-2 ml.) these were dialysed 
transparent cellulose tubing against the standard NaCl- 
sodium acetate buffer, with agitation overnight. Samples 
(0-2 ml.) range concentrations the same venom 
solution that had been applied the column were similarly 
dialysed and served controls. After dialysis, the contents 
the tubing were quantitatively removed and the haemo- 
lysin concentrations determined the above method. 

Estimation hyaluronidase. This was determined 
method essentially similar that Tolksdorf, McCready, 
McCullagh Schwenk (1949), lyophilized preparation 
hyaluronidase being used standard. Hyaluronic acid 
was prepared from vitreous humour the the 
method described Seastone (1939). 

Estimation phosphatases. The activities dried venom 
and selected fractions concentrations between 0-1 and 
(w/v) were examined against the substrates 
adenosine 5’-phosphate and adenosine triphosphate 
that described Neumann Habermann (1955) being 
used. The activities venom fractions were expressed 
percentages that dried venom. Since dried venom 
showed negligible activity against sodium 
phate, the venom fractions were not examined against this 
substrate. 

Estimation cholinesterase. This enzyme was kindly 
estimated Lande, the Nicholas Institute for 
Medical and Veterinary Research, Sherbrooke, Victoria, 
with standard manometric procedures with acetylcholine 
substrate. 
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Capillary permeability. Groups white mice each 
weighing were injected intravenously with 0-1 ml. 
the dye Pontamine blue dissolved 
NaCl. This was followed within min. the 
subcutaneous injection the left abdominal region 
0-1 ml. the venom solution under test and the mice were 
killed coal gas within min. this injection. Controls 
were similarly injected with 0-1 ml. 0-85% NaCl solu- 
tion. The flap skin the region the injection was 
turned back and the diameter any intensified blueing 
the site the injection was measured two directions and 
compared with the controls. 

(w/v) aqueous solution the dried 
venom was filtered through membrane similar that 
described Wilson Holiday (1933). The filtrate was 
freeze-dried and dialysed transparent cellulose tubing 
against distilled water overnight. All the fractions 
obtained were freeze-dried and weighed. These were 
examined paper electrophoresis and tested for toxicity. 


Fractionation procedures 


These are outlined Scheme The following details are 
those typical experiment. 

Removal the coagulating factor. Adsorption the venom 
BaCO, removed the coagulating factor, Holden (1933) 
had demonstrated. suspension BaCO, freshly pre- 
pared (Fantl Nance, 1947) contained 80-100 mg. 
BaCO,/ml. Dried venom (750 mg.) was dispersed water 
and centrifuged remove small amount insoluble 
material. The BaCO, suspension was added the venom 
solution give final concentration 7-9 mg. BaCO,/ 
ml. and mg. venom/ml., and agitated for hr. and 
then allowed stand overnight 6°. After centrifuging, 
the supernatant and washings from the BaCO, were 
dialysed against several changes stirred distilled water 
until the the diaiysed product fell below 6-0. The 
resulting solution was freeze-dried and yielded 470 mg. 
solid. The coagulating factor was eluted from the BaCO, 
agitation with citrate. The eluate was then 
dialysed against distilled water and the product freeze- 
dried. 

Low temperature and methanol precipitation. 
(w/v) aqueous solution the product from which the 
coagulating factor had been removed (pH was 
cooled 2°. Precooled methanol was added slowly with 
stirring give concentration 30% (v/v), while the 
temperature was steadily reduced —5°. After further 
stirring for this temperature, the insoluble 
material was separated refrigerated centrifuge and then 
freeze-dried, yielding 312 mg. solid (fraction A). The 
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supernatant was diluted with water reduce the methanol 
concentration below and then freeze-dried, yielding 
147 mg. solid (fraction B). 

guide the selection the optimum conditions for 
chromatography, distribution ratios fraction between 
the resin and variety buffers were determined the 
procedures recommended Hirs al. (1952). The distri- 
bution ratios for the first equilibration and the re-equilibra- 
tion recorded Table indicate that some irreversible 
adsorption occurred with every buffer system investigated. 
However, first eluting with buffer for which distribu- 
tion ratios near had been found, and following with 
the second eluent, adsorption was largely re- 
versed and desirable separation resulted. Table records 


Table Distribution ratios fraction between 
the resin IRC-50 and range buffers 


Distribution ratios 


Sodium acetate 0-2 
6-8 10-3 
Sodium citrate 0-1 
5D 0-2 73 9-6 
5-9 0-2 1-7 3-0 
1-2 
6-0 0-1 7-0 
Sodium phosphate 6-0 0-2 10-0 
6-3 0-2 2-9 6-6 
6-6 0-2 
0-2 1-25 2-2 
7-0 0-2 0-6 


Table Percentage recovery fraction from 
columns the resin IRC-50 (XE-64) with 
buffer the first eluent followed 
elution with M-sodium chloride 


Protein recovered (%) 
A 


Peak Peak Total 
6-0 
6-6* 
6-6* 


Large-scale columns. 


Suspension dried venom treated with BaCO, 


Supernatant 

Dialysed and freeze-dried 

Insol. 30% methanol: fraction 
Chromatography IRC-50 


neurotoxin 


Fraction 
haemolysin 


neurotoxin 


Centrifuged 


ppt. 
Coagulating factor eluted 
with citrate 


Sol. 30% methanol: 
fraction 


Scheme Fractionation procedures. 
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the percentage recovery protein from small-scale 
chromatographic analyses fraction carried out 
described the following section. These results guided the 
choice buffer, 6-6, the first 
eluent, followed elution with The determination 
the distribution ratios and all the chromatographic 
analyses were carried out 

Fraction The prepared resin was equilibrated with 
phosphate buffer, 6-6, and two sizes 
column were used. For exploratory work mg. ml. 
with flow rate ml./hr., and eluates ml. were 
buffer was applied column 2-5 cm. and flow 
rate 100-120 ml./hr. provided satisfactory separations, 
ml. eluates being collected. soon the sample had 
passed into the column, this was followed successively 
two equal volumes buffer, and the buffer reservoir was 
connected immediately. The elution the protein was 
followed measuring the optical density 278 
successive eluates. After emergence the protein 
peak, and when the optical-density values indicated that 
further protein was being eluted, the eluent was changed 
and second peak emerged. Elution was dis- 
continued when the optical density returned the base- 
line value. Portions eluates were analysed for toxicity 
and haemolysin. Successive eluates which concentrated 
these activities respectively were pooled form three 
fractions, 

The protein content each fraction was calculated from 
the optical density 278 relative that known 
concentration the starting fraction The three fractions 
from the column were dialysed against distilled water 
remove salts and the products freeze-dried. 
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dried venom: buffer, 8-6; 300v for 
6hr. Position dextran. 
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Fraction The column conditions were the same 
those used for the chromatography fraction with 
0-2m-sodium phosphate, 6-6, again the eluting fluid. 
Eluates were analysed for toxicity only, the contents 
appropriate tubes were pooled, dialysed against distilled 
water and the products freeze-dried. This fraction has 
received limited study. 


RESULTS 


Paper electrophoresis the dried venom and 
fractions thereof are illustrated Figs. and 
and provide guide the separation procedures. 

Considering first the components responsible for 
the main pathological effects the venom, 
Table records the percentage recoveries the 
mass, and activity haemolysin, coagulating 
factor and the toxicity, together with the LD,, 
values fractions taken throughout the procedures 
already described. were determined 
within each the three main fractionation steps 
and these were then related the original dried 
venom, which was taken 100%. reference 
the results the ultrafiltration experiments 
reported below, will seen that the solids re- 
moved during the dialysis the supernatant from 
the barium carbonate precipitate would account 
for further the weight the dried venom. 
The removal 90% the coagulating factor 
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adsorption barium carbonate, leaving the major 
part the toxicity and haemolysin unadsorbed, 
provided useful first step. The coagulating factor 
was eluted from the barium carbonate precipitate 
with some loss. 

The subsequent methanol treatment then con- 
centrated the haemolysin entirely the insoluble 
fraction and toxicity was spread between both 
fraction and the soluble fraction However, 
the difference type toxicity, electrophoretic 
and chromatographic behaviour fractions and 
(Figs. 2—4), suggested that different neurotoxins 
had been separated this stage. 

animal tests was shown that fraction 
like the whole venom, affected the eyes and caused 
paralysis the hind limbs. Deaths, which were 
preceded finally with difficulty 
within days after injection. Fraction 
did not affect the eyes surviving mice. 
Deaths occurred within hr. and the action was 
more convulsive nature. 

electrophoresis (Figs. showed that 
fraction contained the most anionic fraction 
the dried venom well the component which 
showed little movement from the origin, whereas 
the least anionic material the dried venom had 
been concentrated fraction 
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Tube no. 

Fig. Chromatography IRC-50 XE-64 mg. 
fraction Eluting buffer, phosphate, 
6-6; arrow eluent was changed 
Optical density 278 recovery haemolytic 
activity; recovery toxicity. Contents tubes 
were pooled provide the following fractions: tubes 
tubes 23-32=fraction 1+; tubes 
64-73 
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The chromatographic analysis fraction 
illustrated typical elution curve Fig. 
resulted overall recoveries protein, toxicity 
and haemolysin the two peaks 82, and 
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Fig. Chromatography IRC-50 XE-64 52-5 mg. 
fraction Eluting buffer, phosphate, 
6-6; arrow eluent was changed m-NaCl. Con- 
tents tubes were pooled provide the following 
fractions: tubes tubes 26-30 
fraction 
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Table Recovery mass, haemolysin, coagulating factor and toxicity percentages dried venom 


Fraction Mass 
Dried venom 100 
Insol. aqueous 
Supernatant from BaCO, ppt. 

Freeze-dried 
Eluate BaCO, ppt. 
Low-temperature methanol treatment 

supernatant from BaCO, ppt. 
Fraction 
Fraction 


Chromatography fraction IRC-50 
Fraction 
Fraction 
Fraction 


Coagulating 
Haemolysin factor Toxicity 
100 100 100 


90% respectively the material applied the 
The small amount trailing protein 
eluted after the first peak was not included 
these recoveries. The three fractions selected, 
referred and contained the haemolysin 
which emerged sharply the first peak the 
elution volume the column, the neurotoxin 
which immediately followed with some overlap 
and the neurotoxin peak respectively (Fig. 
and Table 3). The last neurotoxin, which was free 
significant amounts the haemolysin and 
coagulating factor, now referred neurotoxin 
Fig. shows the paper-electrophoresis-elution 
curves the freeze-dried preparations these 
three fractions. Fraction which was then in- 
completely soluble, was applied the paper 
suspension. The most anionic fraction contained 
enriched haemolysin, the least anionic fraction, 
neurotoxin, and the one which shows little move- 
ment from the origin contains neurotoxin 
dialysis these fractions against distilled water 
overnight, followed freeze-drying the 
product, loss protein could detected any 
the above three fractions, whereas losses 
the haemolytic activity fraction and 
(neurotoxin respectively occurred. Fractions 
and were thereafter soluble water, whereas 
approx. 30% neurotoxin was insoluble but 
dissolved sodium chloride. However, 
toxicity tests failed detect any significant 
difference toxicity between the soluble and in- 
soluble forms. 

All three fractions produced the typical effect 
the unfractionated venom the eyes mice 
surviving near-lethal dose. 

The chromatographic analysis fraction the 
fraction which was soluble (v/v) methanol, 
illustrated typical elution curve Fig. 
Overall recoveries the protein and 


Table Recovery protein and toxicity fractions 
from chromatography fraction IRC-50 


Protein recovery Toxicity 
Fraction (%) 


the toxicity resulted. The eluates the main 
protein peak which eluted sharply with the first 
eluent, and the elution volume the column, 
were divided into three fractions according the 
slope the elution curves. With the second 
eluent, M-sodium chloride, further both 
the protein and the toxicity was eluted. Table 
shows the recovery the protein and toxicity 
each fraction, expressed percentage that 
the material applied the column. dialysis 
against distilled water overnight, neither the 
protein nor the toxicity fraction was dialysable, 
and 80% both the protein and toxicity were 
found the diffusate fraction Fractions 
and available only small quantities, were not 
examined this manner. The small concentration 
toxic material isolated fraction affected the 
eyes surviving mice the same manner the 
neurotoxin (Fig. 3). was assumed the basis 
both its properties and position the chromato- 
graphic column small amount this 
fraction incompletely precipitated the 30% 
methanol. 

Table shows the distribution the other 
enzymes which were studied. significant 
activity either the hyaluronidase the phos- 
phatases remained after the barium carbonate 
treatment. this stage the cholinesterase 
activity also was lost, the remainder being concen- 
trated the chromatographic component 
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fraction which contained the haemolysin, with 
some overlap into the adjacent fraction. 

the ultrafiltration experiment the freeze- 
dried filtrate contained 17% the mass the 
venom applied the filter and, dialysis, 
this passed through the membrane, the remaining 
being non-dialysable. The last portion, when 
examined paper electrophoresis, proved 
correspond position the least anionic com- 
ponent the original venom. Toxicity tests 
showed that contained neurotoxic material, 
which represented the toxicity the venom 
applied the filter, with properties indistinguish- 
able from those associated with the fraction 
separated from the unfiltered dried venom. The 
portion retained the membrane, when fraction- 
ated the procedures outlined above, still con- 
tained fraction with all the properties fraction 
from unfiltered dried venom. Inorganic salts and 
small organic molecules, among which purine 
compounds have been identified (Doery, 1957), 
doubt account for the the venom which was 
dialysable. Thus although great separation 
protein components was achieved this tech- 
nique, material with the properties fraction 
was found both the portion retained the 
ultrafiltration membrane and that portion the 
filtrate which was non-dialysable. 

The experiments designed detect increased 
permeability showed that the dried 
venom, the neurotoxin and the fraction contain- 
ing the majority both the haemolysin and the 
cholinesterase were all highly active. Mice were 
sensitive less than 0-02 each the above 
preparations, i.e. approx. the 
dose for these samples. The average diameter the 
area intensified blueing observed was mm. 
Whereas fraction containing the least anionic 
neurotoxins, was definitely active, dose more 
than 0-2 was required cause response. This 
dose approx. one-fortieth that the for 
this fraction. 


NEUROTOXINS VENOM 


DISCUSSION 


Although primarily concerned with the neurotoxins 
the venom Notechis scutatus, this study has 
provided methods for obtaining the haemolysin 
and the coagulating factor separate fractions. 

From the results presented may concluded 
that two types neurotoxin were present. One 
type, represented neurotoxin when tested 
mice first caused paralysis the hind limbs. 
Breathing became progressively more difficult 
before death, which occurred 1-7 days after 
injection. Mice surviving dose 
showed the effect the eyes typical that pro- 
duced the unfractionated venom. 

The paper-electrophoresis pattern neurotoxin 
(Fig. and the absence significant amounts 
the main enzymes the venom (‘Tables and 5), 
encourage the belief that neurotoxin sub- 
stantially free from the other main components 
the venom. However, while approximately three- 
fold concentration toxicity from the crude venom 
has been demonstrated this fraction, the basis 
activity: mass ratio, the concentration 
the total haemolysin the mass indicates 
that the isolation neurotoxin incomplete. 
The property which affects the eyes mice sur- 
viving near-lethal dose shared three chro- 
matographic fractions, including neurotoxin 
Although the chromatographic peak containing 
neurotoxin separated from that containing the 
haemolysin and the less anionic neurotoxin adjacent 
the column (Fig. 3), the paper-electro- 
phoresis patterns all three fractions (Fig. 5), 
and also the distribution the other enzymes 
reported Table show that the latter two are 
means homogeneous. Both include definite 
amounts the stationary component which 
paper electrophoresis occupies the same position 
neurotoxin 

Lysolecithin, when injected into the anterior 
chamber the rabbit’s eye, produces effect 


Table Distribution hyaluronidase, cholinesterase and phosphatase fractions, 
expressed percentage that dried venom 


Fraction Hyaluronidase 
Supernatant from ppt. Nil 
Eluate BaCO, Nil 
Fraction 
Fraction 


Chromatography fraction 
IRC-50 
Fraction 
Fraction 
Fraction 


Phosphatases 


Cholinesterase AMP ATP 
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the cornea (Feldberg Kellaway, 1938) which 
similar that described Kellaway (1929) 
characteristic mice surviving the venom 
scutatus distinct from the venoms the other 
Australian snakes. Since all these venoms which 
contain haemolysins produce lysolecithin, would 
appear that the observed effect the eyes can 
produced some other venom component. The 
fractions containing neurotoxin have been found 
affect the eyes test mice, and seems probable 
therefore that this inherent property this 
neurotoxin. 

The other type neurotoxin, represented 
two more proteins, produced more convulsive 
action mice. effect the eyes was observed 
and death, which was more rapid, occurred within 
hr. The evidence for two more neurotoxins 
within this group found the distribution this 
type activity both the filtrate and the re- 
mainder the venom separated the ultra- 
filtration experiments, also two the fractions 
which behaved differently dialysis, obtained from 
the fraction Without further 
study, the identity neurotoxins within this group 
cannot established, but may conclude that 
two more neurotoxins are represented here, which 
may differ from one another only molecular size. 

probable that the neurotoxic activity the 
presence traces the haemolysin and neuro- 
toxin the presence which may due 
during precipitation (Figs. 5). The small losses 
toxicity during the three main separation pro- 
cedures suggest that other type neurotoxin 
makes significant contribution the toxicity 
the unfractionated venom. 

Reference Table indicates that great 
concentration toxicity has been achieved the 
neurotoxins isolated comparison with that the 
unfractionated venom. This fact expected 
when the toxicity shared between number 
components and keeping with the observations 
Kellaway (1929) that the venom scutatus 
was predominantly neurotoxic action. 

Boman Kaletta (1957) and Boman Westlund 
(1957) drew attention the frequency with which 
enzymes from wide variety sources, originally 
considered homogeneous, have subsequently 
been resolved chromatography 
phoresis into two more enzymes the same 
type. The venom Notechis scutatus may now 
included among the snake venoms which groups 
neurotoxins have been reported. These are the 
venoms the cobra species Naia naia and flava 
(Micheel, Dietrich Bischoff, 1937), and 
Crotalus terrificus terrificus Vieira, 
1950; Neumann Habermann, 1955). 
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Enzymes variously reported snake venoms 
other than those listed Tables and have not 
been studied. However, the paper-electrophoresis- 
elution curve the eluate from the barium 
carbonate precipitate which was not recorded here 
indicated that contained mixture proteins 
which were not identified. The enzymes shown 
lost this stage must either inactivated 
adsorbed along with any inert protein the 
venom. variety proteins could 
anticipated the eluate the barium carbonate 
precipitate, which the coagulating factor only 
one. 

Considering the chromatographic separations, 
the results the preliminary studies the resin 
IRC-50 recorded Tables and show that the 
distribution ratios fraction between the resin 
and various buffers are strongly influenced the 
nature the buffer salt, the and the concentra- 
tion. 6-6 the total protein eluted, well 
that eluted peak were maximum. The buffer 
this was chosen because provided the 
greatest selection material separating peak 

The use this resin for the isolation the 
neurotoxins crotactin (Neumann Habermann, 
1955) and crotamine (Gongalves, 1956), from the 
venom Crotalus terrificus, and also for the 
tion the two types neurotoxin reported here, 
emphasizes the wide applications that are possible 
problems protein fractionation. the course 
isolating these neurotoxins, crotactin, the acidic 
neurotoxin, was eluted with 
6-87, leaving the haemolysin from the same 
venom strongly adsorbed. With the venom 
studied here, 6-6 the anionic haemolysin and 
the less anionic neurotoxins were eluted from the 
column, whereas neurotoxin which was station- 
ary during electrophoresis, was strongly adsorbed. 
should noted that flow rates which operated 
each case were considerably greater than those 
normally required for sharp separations protein 
chromatography. Boardman Partridge (1953), 
Boardman (1955) and Neumann Habermann 
(1955) have proposed probable operating mech- 
anisms the separation proteins which they 
studied. Without considerably more data the 
behaviour the individual components concerned 
here under various operating conditions further 
contribution can made this point. However, 
the separations reported may serve emphasize 
the difficulty forecasting the most selective 
adsorbent for proteins which are alike respect 
their basic units but differ molecular size, 
structure and net charge. 

The pharmacological action the neurotoxins 
crotactin, predominantly paralytic, and crotamine, 
predominantly convulsive, which Neumann 


Habermann (1955) described, and the two types 
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neurotoxin reported here, show some broad simi- 
larities respect these properties. The increase 
capillary permeability shown both the last- 
named two types neurotoxins and crotactin 
extends this similarity. Since the neurotoxins 
question may considered free from signifi- 
cant amounts the main enzymes the venoms, 
the demonstration properties 
neurotoxins from two different sources stimulates 
interest the problem their mode action. 

The response the isolated jejunum the 
guinea pig suspended Tyrode’s solution shown 
various Australian snake venoms 
described Feldberg Kellaway (1937) and 
Trethewie (1939). Trethewie (unpublished 
data) demonstrated response, with the typical 
‘slow-reacting substance’ type reaction, after 
and fraction both being less active than the 
whole venom. The question whether any all 
the following properties, namely the increase 
capillary permeability, the ‘slow-reacting sub- 
stance’ activity and the effect the eyes 
animals surviving near-lethal dose, are intimately 
associated with the mechanism the action the 
neurotoxins studied here, cannot answered con- 
clusively within the scope this report. 


further paper, relevant this report, Neumann 
(1957), describing improved methods for the isolation 
crotactin, phospholipase crotamine and third toxin, 
‘toxin III’, from the venoms Brazilian rattlesnakes, 
appeared this paper left for the press. 


SUMMARY 


Two types neurotoxin have been separated 
from the venom the tiger snake 
scutatus scutatus means adsorption barium 
carbonate, low-temperature methanol-fractiona- 
tion and chromatography the Amberlite resin 

One type neurotoxin stationary during 
paper electrophoresis 8-6; the other type 
represented group weakly anionic proteins. 

Both types neurotoxin have been separated 
amounts the components 
responsible for the other main pathological effects 
the venom, i.e. the coagulating factor and the 
haemolysin, well the enzymes hyaluronidase, 
phosphatases and cholinesterase. 

The properties the neurotoxins are de- 
scribed and discussed relation those the 
neurotoxins the venom Crotalus terrificus 
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tothank Graydon for bringing this problem 
Thayer, who carried out the toxicity tests, the 
hyaluronidase estimations and the ultrafiltrations 
spectively. wish thank Fisher for capillary- 
permeability experiments, Trethewie for the gut 
experiments (‘slow-reacting substance’) and 
Lande for the estimations cholinesterase. Miss Bates 
gave able technical assistance throughout. 

summary the work here was presented the 2nd 
Annual Meeting the Australian Biochemical Society, 
Melbourne (1957), abstract which was published 
the Aust. Sci. (1957), 20, 49. 
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Catabolism Plasma Albumin the Perfused Rat Liver 


The National Institute for Medical Research, The Ridgeway, Mill Hill, London, N.W. 


(Received March 1958) 


The liver known major site plasma- 
protein synthesis, but there little information 
concerning its role the catabolism native 
plasma proteins. The ease with which the isolated 
perfused liver can maintained under physio- 
logical conditions would appear make ideal 
system for studying plasma-protein breakdown. 
However, the ability the liver take particu- 
late material well known, and Gordon (1957) has 
recently shown that the perfused rat liver rapidly 
catabolizes small proportions altered protein 
molecules present preparations labelled 
plasma protein. Perfusion experiments, which are 
necessarily short duration, can therefore used 
assess the physiological role the liver 
protein breakdown only the labelled protein used 
free from altered molecules. 

Rapidly catabolized components can removed 
preliminary injection the labelled protein 
solution into living animal; after the required 
period ‘screening’ the plasma this animal 
used the labelled protein solution tested 
(McFarlane, 1956). Using screening period 
the rat, Gordon (1957) found three 
experiments that the perfused rat liver catabolized 
about one-tenth the homologous albumin 
broken down the whole animal. Such data can 
regarded having physiological significance 
only possible establish minimum cata- 
bolic rate which unaffected more prolonged 
the labelled albumin. the present 
investigation the effect the length screening 
upon the rate homologous albumin catabolism 
the perfused rat liver has been studied. Obser- 
vations regarding the time taken for the release 
diffusible label from the perfused 
liver are also recorded and addition the capacity 
the liver for breaking down native and denatured 
albumins compared. 


METHODS 


Perfusion apparatus. This was basically that described 
Miller, Bly, Watson Bale (1951), but having the following 
modifications: (1) The dimensions tubing and glassware 
have been reduced that initial blood volume ml. 
allows sufficient margin for sampling. (2) Haemo-concen- 
tration, which readily occurs during the course per- 
fusion, reduced bubbling the entering oxygen through 


two gas washers 37°, balancing the rates entry and 
exit gas with two flow-meters and also including 
the back the box two lengths gauze suspended 
beakers water. (3) magnetic stirrer has been included 
the blood reservoir facilitate rapid mixing. 

Blood donors. These were rats the hooded strain main- 
tained the National Institute for Medical Research. 
Animals were starved overnight and 5-8 ml. blood was 
removed cardiac puncture under ether anaesthesia. 
least weeks elapsed before any rat was again used 
blood donor. For each perfusion 0-25 ml. heparin 
(1250 was added ml. blood. 

Perfusion technique. Liver donors were hooded male rats 
which had been starved overnight. The surgical technique 
described Miller al. (1951) has been slightly modified. 
order minimize hepatic damage which might arise 
from products intestinal infarction the bile duct and 
portal vein were cannulated without previous ligation 
the gastric and duodenal blood vessels. Perfusion the 
liver was commenced soon the superior vena cava had 
been cannulated and was followed dissection the 
liver from the animal. this means the time during which 
the liver was without blood supply was reduced from 
about min. less than min. The temperature 
and rate blood flow through the liver (5-7-5 ml./min.) 
were allowed stabilize for before the addition 
labelled protein. 

Supplements the form glucose and amino acids are 
usually added liver perfusion experiments (Miller al. 
1951; Jensen Tarver, 1956; Gordon, 1957). However, 
during series hr. liver perfusions which about ml. 
blood was used without supplements the blood-sugar 
concentration increased 19-58 mg./100 ml. while the 
amino acid level rose 22-67 mg./100 ml. (Tables and 3). 
Because this finding supplements were used the 
present experiments. 

Preparation albumin. Albumin fractions 
pared by: (1) zone electrophoresis rat serum column 
treated cellulose (Porath, 1954; Campbell Stone, 1956). 
The albumin peak was located measurement the 
ultraviolet absorption ml. volumes eluate 280 
The pooled albumin solution was reduced suitable 
volume pressure dialysis before labelling; (2) 
chromatography rat serum column carboxy- 
(Peterson Sober, 1956). Protein fractions 
were obtained gradient elution with two sodium acetate 
buffers [pH 5-0 and 5-1 respectively]. 
The pooled albumin solution was concentrated pressure 
dialysis and freeze-dried before labelling. After being 
labelled with these albumin preparations were mixed 
with rat serum and examined paper electrophoresis. 
Subsequent strip-counting showed that the radioactivity 
was confined the albumin band (Fig. 1). 
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experiments denatured protein either bovine 
serum albumin (Armour and Co. Ltd., Eastbourne, Sussex) 
rat albumin was used. The protein after iodination was 
brought 9-0 addition 0-45 m-equiv. NaOH/g., 
the final protein concentration being 10% (w/v). was 
then denatured heating 80° for min. The solution 
was readjusted 7-0 before addition the denatured 
protein the perfusion circuit. 

This was usually performed according the 
method McFarlane (1956). few instances, however, 
the following modified method recommended 
McFarlane was used. The protein solution was adjusted 
4-0 addition glycine buffer (7-2 glycine 
dissolved ml. 1-47% NaCl and ml. 
This acidified protein was mixed with the labelled free- 
iodine solution and iodination allowed proceed 
raising the the mixture 8-0 with 
Free iodide was removed passage solutions through 
anion-exchange columns De-Acidite (Permutit Co. Ltd., 
Gunnersbury Avenue, London, 4). all instances the 
mean ratio iodine bound protein was less than g.- 
atom/mole. 

Removal denatured material from the iodinated protein. 
This was achieved intravenous intraperitoneal in- 
jection the labelled protein solution into living rat, 
which was bled cardiac puncture after period 
between and 72hr. This procedure, known 
(McFarlane, 1956), has been used pre- 
liminary number perfusions reported below. The 
plasma containing screened albumin was 
dialysed overnight against 0-9% NaCl containing The 
final iodinated protein solution contained 
the total radioactivity the supernatant after precipita- 
tion protein with 10% trichloroacetic acid 20°. 

Measurement radioactivity. Solutions containing 
were measured counting. The standard 
deviation counts recorded this study did not exceed 
+3%. 


Counts/min. 


Counts/min. 


Fig. Radioactivity tracings albumins 
mixed with rat serum and analysed paper electro- 
phoresis. Albumin separated zone electrophoresis; 
albumin separated chromatography (see Methods). 
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Plasma-protein estimations. These were done the 
biuret method Gornall, Bardawill David (1949). 

Blood-glucose estimations. Blood samples (about 0-2 ml.) 
were collected into tubes containing NaF and 
blood sugar was estimated within hr. according the 
method Somogyi (1945). 

Plasma amino acid estimations. These were done 
ninhydrin method (Jacobs, 1956). 

Paper electrophoresis. Plasma samples were analysed 
paper electrophoresis according the method Jencks, 
Jetton Durrum (1955) and the proportion albumin 
was estimated the elution strips stained with bromo- 
phenol blue. 

Estimation degree catabolism. Blood samples were 
withdrawn min. after addition the labelled albumin 
and then hourly intervals for hr. The following 
estimations were made each sample. (a) Radioactivity/ 


ml. whole blood; (b) non-protein radioactivity/ml. 


whole blood. Blood ml.) was added ml. 
and ml. 20% trichloroacetic acid was added. The 
0-5 ml. blood) was measured after centrifuging; (c) 
radioactivity/ml. plasma; (d) haematocrit. 

The level non-protein did not increase during the 
initial min. after the addition labelled protein the 
perfusion circuit (see below). The catabolic rate during 
subsequent hourly intervals has been calculated the 
method illustrated Table Results are expressed as: 
(a) uncorrected percentage catabolism/hr., which the 
increment non-protein blood/hr. expressed 
with tracer amounts denatured labelled protein the total 
radioactivity/ml. blood fell progressively during per- 
fusion result uptake protein the liver well 
adsorption the walls the apparatus. this experi- 
ment [rat liver perfusion 67, Table the non- 
protein increment/ml. blood expressed per- 
centage the average protein-bound blood 
during the corresponding interval; (b) corrected percentage 
catabolism/hr. The correction factor used was: 


Vol. plasma perfusion circuit (ml.) 
protein (mg./ml.) 


Wt. rat (g.) 


? 


the percentage catabolism/hr. was corrected that 
which would have been observed with plasma-protein 
pool size equal that the donor rat; (c) mass albumin 
catabolized/hr. The proportion albumin six pooled 
samples rat plasma measured paper electrophoresis 
was the total protein. During the course 
perfusion the plasma-protein concentration frequently in- 
creased (Tables and 3), but the albumin percentage 
determined electrophoresis remained constant. The mass 
albumin catabolized during each hour was therefore 
calculated from the uncorrected percentage catabolism 

40% the plasma-protein mass the perfusion circuit. 


RESULTS 


Recovery from blood. Protein catabolism 
has been calculated from the proportion 
blood which non-precipitable trichloro- 
acetic acid. When added blood and 
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Table Example the method calculating rates albumin catabolism perfused liver 


rat albumin screened for hr. was added zero time. Wt. donor rat, 322 (R.L.P. 54). 


Vol. 
Vol. Whole blood plasma 
plasma perfusion 
samples Total circuit 
Sample Time after (ml.) Total plasma (ml.) 
hr. min. 1-20 4-78 0-40 1-80 36-2 
hr. min. 1-22 5-80 0-47 1-84 33-9 
min. 1-23 6-90 0-56 1-90 31-7 
Plasma Mean albumin catabolism/hr. 
protein Correction Albumin 
Sample concn. factor pool (mg.) Uncorrected (mg.) 
no. (mg./ml.) (3) (4) (5) (6) 
76-6 1180 0-08 0-25 0-95 
80-9 1170 0-09 0-28 1-05 
86-4 1170 0-07 0-22 0-82 
89-3 3-05 1130 0-09 0-27 1-02 
Mean 0-08 0-25 0-96 


(1) Vol. blood sample haematocrit)/100. 


9 


plasma blood samples). 
Plasma vol. (ml.) plasma- (mg. 


Subsequent plasma volumes =(initial vol. 


(3) Wt. donor rat (g.) 2-9 
(4) 40% (plasma vol. protein concn.). 
Increment non-protein blood/hr. 100 
(6) Uncorrected percentage catabolism correction factor. 
(7) Uncorrected percentage catabolism albumin pool (mg.). 


trichloroacetic acid the presence 
unlabelled the radioactivity quantitatively 
recovered the supernatant. 

Radioactivity not released from undenatured 
pumped around the perfusion circuit 
the absence liver (Gordon, 1957). Since 
was thought possible that denatured albumin 
might catabolized leucocytes similar control 
experiment was performed which mg. heat- 
denatured bovine serum albumin was added 
ml. blood the circuit. During the 
non-protein varied from 1-64 1-74% the 
total but progressive increase was not 
observed. 

Distribution iodide the perfusion circuit. 
Concentration iodide significant extent 
either the liver bile would invalidate calcula- 
tions catabolic rate based upon the level non- 
protein the perfusing blood. Control experi- 
ments have been performed which tracer 
mixed with rat blood the perfusion ciréuit. 
one experiment the initial volume distribution 


the apparatus (calculated isotope dilu- 
tion) was This increased ml. within 
min. after hepatic cannulation, presumably 
result the passage into liver tissue and 
bile well the addition the perfusion circuit 
blood present liver. During further 
hr. perfusion the apparent volume distribution 
perfusion with blood containing the livers 
two experiments contained and the initial 
radioactivity, while the total bile samples con- 
tained 2-4 and the added. The concen- 
tration bile the end the perfusions 
was and 1-25 times respectively that present 
whole blood. experiments with the 
total radioactivity the bile was always less than 
the total non-protein radioactivity the 
perfusing blood. the basis these observations 
protein catabolic rates have been calculated from 
levels non-protein blood and attempt 
has been made correct for the small percentage 
non-protein radioactivity distributed hepatic 
tissue and bile. 

Effect hepatic blood flow rate albumin 
catabolism. The rate hepatic blood flow varied 
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different perfusions from ml./min. one 
experiment the rate blood flow through liver 
(wt. g.) was artificially reduced from 2-3 ml./ 
min. after about perfusion. The rate 
catabolism rat albumin screened for 
hr. remained constant throughout, the mean 
corrected percentage catabolism being 
during the first half the experiment and 0-26 
hr. after reduction the blood-perfusion rate. 


Catabolism 


Appearance diffusible The latent period 
which intervenes between the addition labelled 


w 


Non-protein total 1311) 
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100 150 200 250 300 350 
Time after adding (min.) 


Fig. Experiment showing that period 
intervenes between the addition albumin 
and the liberation non-protein into the perfusion 
zero time 1-9 mg. rat albumin 
previously screened for hr. and containing 
non-protein-bound radioactivity was added 68). 
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100 150 200 250 
Time after adding (min.) 

Fig. Experiment showing that period 
intervenes between the addition heat- 
denatured bovine serum albumin and the liberation 
non-protein into the perfusion circuit. zero time 
mg. heat-denatured bovine serum albumin con- 
taining non-protein was added 67). 
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protein and the release non-protein into the 
perfusing blood was measured with both native rat 
albumin and heat-denatured bovine serum albumin. 
the experiment shown Fig. 1-9 mg. 
labelled rat albumin previously screened for hr. 
was added the circuit min. after equilibra- 
tion temperature and perfusion rate. The 
labelled protein solution contained non- 
protein-bound radioactivity. total six samples 
taken within min. after the addition labelled 
protein contained non-protein 
Thereafter the percentage increased constant 
rate over period 5hr. Extrapolation the 
linear plot release indicates that period 
approximately 20min. intervenes between the 
addition and the release non- 
protein-bound label (Fig. 2). similar latent 
period was observed the case 
bovine serum albumin previously denatured 
heating 80° for min. (Fig. 3). 

Catabolism albumin screened for 
less than hr. The breakdown rate rat albumin 
separated electrophoresis and screened for 
hr. showed considerable variation (Table 
and Fig. 4). three experiments the corrected 
rates were between 0-80 and 
two experiments which chromatographically 
separated albumin was screened for and hr. the 
corrected catabolic rates were and 0-31 %/hr. 
respectively. 

Catabolism albumin screened for 
hr. The breakdown rate rat albumin pre- 
pared either electrophoresis chromatography 
and screened for was measured six 
experiments (Table Fig. 5a). The corrected 
catabolic rates varied from 0-25 and 
the absolute rates catabolism were mg. 
albumin/hr. Labelled albumin prepared 
chromatography and screened for hr. (Fig. 
gave results within the same range, the corrected 
catabolic rates two experiments being 0-30 and 
and the absolute rates catabolism 0-94 
and 1-13 mg. albumin/hr. respectively. 

Catabolism heat-denatured bovine serum albumin. 
Catabolism tracer dose bovine serum 
the labelled protein/hr. order 
compare the relative capacities the liver for 
breaking down native and denatured protein two 
further experiments were performed which the 
quantity denatured albumin added was approxi- 
mately equal weight the pool rat albumin 
640 mg. denatured bovine serum 
blood the perfusion circuit. The haematocrit was 
and the plasma-protein concentration 
Catabolism proceeded linear rate 
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the labelled protein/hr. which corre- 
sponds the breakdown mg. denatured 
higher haematocrit and protein concentration was 
achieved removing ml. plasma from ml. 
pooled rat blood before the addition 786 mg. 
denatured bovine serum ml. 
NaCl. The haematocrit was and the 
protein concentration The catabolic 
rate declined progressively during this experiment, 
the average rate being the pool/hr., 
which corresponds 5-2 mg. denatured bovine 
serum albumin/hr. 


Percentage albumin catabolized 
foo] 


Time after adding (hr.) 


Fig. Rate catabolism rat albumin screened for 
24hr. The rat-liver perfusion experi- 
ments are the same those Table The percentage 
albumin catabolized corrected the pool size 
the donor rat. 48; 49; 52; 
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DISCUSSION 


these experiments the release from labelled 
albumin used calculate rates albumin cata- 
bolism. therefore assumed that liber- 
ated from the labelled protein only during reactions 
involving rupture peptide bonds. This assump- 
tion may invalid under certain conditions 
protein fractionation and labelling. Thus Margen 
Tarver (1957), using human serum albumin 
atoms iodine/mol. albumin, found that iodine 
was lost from the protein more rapid rate than 
the sulphur label. all albumin molecules these 
experiments were doubly labelled, and this not 
the results indicate the occurrence de- 
iodination without protein breakdown. the 
other hand, the behaviour vivo 
and -globulin labelled the method McFarlane 
(1956) has been shown both the rabbit (Cohen, 
Holloway, Matthews McFarlane, 1956) and the 


(a) (b) 

N 

oO x 

£ 

by 


Time after adding (hr.) 


Fig. Rate catabolism rat albumin screened for 
(a) hr. and hr. The rat-liver perfusion ex- 
periments 50-66) are the same those 
Table The percentage albumin catabolized 
corrected the pool size the donor rat. (a) R.L.P. 


Table Comparison catabolic rates screened rat albumin 
living rat and perfused liver 


Mean catabolic rate vivo (mg./hr.) 


Mean catabolic rate 
perfused liver 


(mg./hr.) 


Mean catabolic rate 
perfused liver 


total) 


Electrophoretic Chromatographic 
albumin albumin 
9-6* 
1-4 1-1 
14-6 12-8 


Albumin prepared zone electrophoresis and screened for 100 hr. after labelling (C. Matthews McFarlane, 


personal communication). 


Albumin prepared chromatography and screened for hr. after labelling (S. Cohen, unpublished observations). 
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rat (Campbell, Cuthbertson, Matthews McFarlane 
1956) almost identical with that the 
corresponding proteins labelled with 
biosynthetic procedure. Moreover, the elimination 
4C- and antibody globulins 
identical either the presence absence 
immune response (J. Humphrey 
McFarlane, unpublished work, cf. McFarlane, 1957). 
concluded from these experiments that 
labelled protein prepared methods used this 
investigation does not de-iodination 
unless sufficient proteolysis has occurred render 
the products soluble 
acid. 

second assumption these perfusion experi- 
ments that the compounds liberated 
during catabolism are not reincorporated into 
newly formed protein. Inability re-utilize the 
label has been demonstrated animals receiving 
inactive iodide, feeding large doses 
labelled plasma protein and subsequent failure 
detect significant amount the label 
plasma protein, well almost complete 
recovery the label the urine within two days 
(Cohen al. 1956). The fact that iodinated products 
protein breakdown are not re-utilized makes the 
label unique value for measurements 
protein catabolism. 

studies living animals plasma-protein 
metabolism extending over several weeks, the 
presence small proportion denatured mole- 
cules the labelled protein little importance 
and cannot usually detected with certainty. 
liver-perfusion studies, the other hand, where 
only about 0-1% the injected labelled protein 
may broken down per hour small proportion 
altered molecules which are selectively taken 
and catabolized will lead gross overestimation 
the overall catabolic rate. Experience with the 
perfused liver suggests that solutions 
frequently contain 1-3% rapidly catabolized 
components. ‘Screening’ the labelled protein 
living animal therefore essential preliminary 
liver-perfusion studies. The effect this screen- 
ing process shown the results recorded above. 
Where the duration screening was less than 
hr. the catabolic rate, expressed percentage 
the intravascular albumin pool, the donor rat 
varied from 0-21 The results after 
for hr. were far more consistent, and 
six experiments the corrected catabolic rates 
components appear have been removed these 
experiments, since catabolic rates were within the 
same range after further hr. screening the 
dose material. The results obtained after screening 
for hr. more are therefore taken measure 
the catabolic rate native albumin. The mean 
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breakdown rate these eight experiments 
the intravascular albumin pool the 
donor rat/hr., which corresponds mg. 
albumin/hr. Table the rates catabolism 
vivo screened albumin prepared 
two different methods fractionation are com- 
pared with the breakdown rates similar protein 
preparations the perfused liver. apparent 
from these data that the liver responsible for 
catabolizing 13-15% all the albumin broken 
down the whole animal. 

The observed low rates catabolism native 
albumin may due the fact that the perfused 
livers had partly lost their ability break down 
this protein. The numerous functional activities 
retained the perfused rat liver have been out- 
lined Miller, Burke Haft (1956). Jensen 
Tarver (1956) have shown that perfused livers 
continue remove colloidal chromic phosphate 
rate equal that observed vivo, and for hr. 
more show fall protein synthetic activity. 
Livers perfused this Laboratory continue 
secrete bile, have been shown incorporate 
labelled amino acids into plasma protein, and 
rapidly take and catabolize small proportions 
altered protein molecules (Gordon, 1957). 
addition, the experiments reported above show 
that the perfused liver able catabolize 
times more denatured bovine serum albumin than 
rat albumin. unlikely therefore that the low 
breakdown rate observed with native albumin 
results from impairment the protein catabolic 
function the perfused liver. Since albumin syn- 
thesis known occur exclusively the liver 
apparent from the present experiments that the 
breakdown albumin vivo must occur mainly 
cells which are not involved the synthesis this 
protein. 

latent period min. has been found 
intervene between the injection labelled amino 
acids and the appearance labelled protein the 
bloodstream (e.g. Green Anker, 1955). Peters 
(1957), using chicken-liver slices, has recently 
shown that only min. required for the in- 
corporation amino acids into non-diffusible 
material bound cytoplasmic particles and having 
the electrophoretic and immunological properties 
native albumin. This suggests that the lag period 
observed for the extracellular appearance newly 
synthesized plasma protein may due mainly 
the time taken for release serum albumin from 
its bound form. The similar interval min. 
which elapses before non-protein-bound 
released from labelled albumin the perfused 
liver may therefore represent predominantly 
the time required for albumin enter the cell 
and become bound the appropriate enzyme 
system. 
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SUMMARY 


The catabolism serum albumin labelled 
with was investigated the isolated perfused 
rat liver. 

period about min. intervenes between 
the introduction labelled rat albumin into the 
perfusion circuit and the appearance non-protein- 
bound similar latent period observed with 
heat-denatured bovine serum albumin. 

Iodinated protein solutions were ‘screened’ 
injection into rats for various periods before use 
liver-perfusion studies, order remove the 
small proportion molecules which are catabolized 
rapidly the liver. With screening periods 
the subsequent rate catabolism shows 
wide variation. Labelled albumin separated either 
chromatography electrophoresis and screened 
perfusion constant rate which corresponds 
about the total albumin breakdown vivo. 

The perfused liver able break down heat- 
denatured bovine serum albumin 2—5 times the 
rate observed for screened rat albumin. 

The authors have enjoyed much helpful discussion with 
Drs McFarlane and Christine Matthews. are 


indebted Assemakis and Miss Dorothy Parr for 
their skilled technical assistance. 
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ACID AND RELATED SUBSTANCES* 
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(Received April 1958) 


There has lately been renewed interest cholanic 
acids hydroxylated C-6. Hyocholic acid from 
pig bile (Haslewood, 1954a) has been shown 
acid (Haslewood, 
1956; Ziegler, Hsia al. 1957a). Mat- 
schiner al. (1957) have isolated from rat bile two 
compounds which are probably and 
acids (Hsia al. 
1958a; Kagan Jacques, 1957). From 
the urine surgically jaundiced rats which had 
been given, intragastrically, hyodeoxycholic 
dihydroxycholanic) acid there was obtained what 
probably acid (Hsia 
al. 1958b). Other C-6 hydroxylated and 
cholanic acids have been described (1955) 


Part 10: Anderson, Haslewood Wootton (1957). 


and Kagan (1957). Hsia al. Kagan 
(1957) and Schubert Damker (1957) have 
devised methods making substituted 
cholenic acids. 

The 
acid special interest us, first because one 
likely, grounds, occur biles and 
secondly because 3:6:12-trihydroxycholanic acid 
was stated Ohta (1939) have been derived 
permanganate oxidation from the ‘tetrahydroxy- 
acid’ first isolated him from 
‘Gigi’ fish bile. direct infrared spectroscopic 
examination the ester this latter 
compound was concluded (Haslewood 
Wootton, 1956) that could not have the structure 
attributed Ohta (1939), namely 
3:6:12:24-tetrahydroxy coprostanic acid; was 


| | | 
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decided nevertheless attempt make 
trihydroxycholanic acid for comparison. 

Success this project was first reported 
preliminary note Takeda Igarashi (1956). 
spite this anticipation some our work, 
thought that was sufficient interest com- 
pleted independently. The present report 
experiments, differing somewhat from those 
Takeda Igarashi (1956), which have led the 
preparation acid 
and confirmation its structure. Description 
also included compounds unexpectedly obtained 
another route which was thought might lead 
this substance. 

part the work now reported, criticisms 
Ziegler part the present author’s 
earlier work hyocholic acid have been examined. 


RESULTS 


For most experiments, the starting material was 
ethyl 
parture from this substance was (a) bromination 
preparation its enol acetate. 

(a) Compounds derived after bromination 
Bromination occurred stages, mentioned 
Corey (1954) for the corresponding methyl ester. 
The final crystalline product (Hoehn Linsk, 
1945) must Corey’s (1954) findings described 
ethyl 
ate (II). Cold alkaline hydrolysis this aqueous 
dioxan under nitrogen gave product which could, 
after methylation and re-acetylation, separated 
into the methyl 
ate Takeda, Komeno Igarashi (1954) and 
(in lesser yield) isomer (IV), m.p. 
not apparently encountered these 
workers. poorer yield these products was 
obtained from the (non-crystalline) primary 
bromination product (I). 

Compound (III) with ethane-1:2-dithiol gave 
Takeda Igarashi’s (1956) thio ketal (m.p. about 
215°) which with Raney nickel gave diacetyl 
methyl deoxycholate (methyl 
cholanate) and 
ate (V, R’=Me) respective yields 
about and 15%. Ethyl 
cholanate (V, R=H, R’=Et) 
acetylated and the product oxidized with chromic 
which Kishner—Wolff reduction gave hyodeoxy- 
cholic acid. This work 
confirms Takeda Igarashi’s (1956) preparation 
(V) the thio ketal method and confirms their 
assignment chemical constitution it. 
satisfactory result could obtained from 
Wolff reduction (III) (IV). 
trihydroxycholanate paper chromatography 


with Bush’s (1952) systems ran much more slowly 
than cholate (3«:7«:12«-trihydroxycholanate) 
ethyl hyocholate 
ate). 

The isomer (IV), m.p. with ethane- 
1:2-dithiol formed thio ketal, m.p. 
which with Raney nickel gave even 
higher yield diacetyl methyl deoxycholate than 
the thio ketal (III) itself. After hydrolysis and 
re-esterification the whole reaction product 
there was finally isolated small amount 
ethyl ester which ran paper Bush’s (1952) 
system the same rate ethyl 
pared the infrared spectra (III) and (IV) and 
reported that the spectral evidence consistent 
with the suggestion that (IV) the (axial) 
epimer 

(b) Compounds from the enol acetate (I). This 
enol acetate can considered (Hirschmann 
Wendler, 1953) have the structure (V1). 
When was treated with perbenzoic acid and the 
crude epoxide (possibly hydrolysed alkali, 
there was obtained fair yield acid, 
(VIII), readily giving crystalline hydrate, m.p. 
about 140° and 265°, Methylation and 
vigorous acetylation this compound gave 
appears doubtful whether either these sub- 
stances identical with any the products 
described Takeda al. (1954) isolated after 
the hydrolysis although small yield the 
acid (VIII) was one instance isolated here after 
such hydrolysis. 

The methyl ester triacetate (VIII) was re- 
covered completely after prolonged treatment with 
ethane-1:2-dithiol, conditions which readily 
gave the thio ketals and (IV). 

When acid (VIII) was treated the 
Wolff method, with anhydrous hydrazine (e.g. 
Moffett Hunter, 1951), acid 
m.p. about 270°, was isolated together 
with another (X) probable formula 
and m.p.>300°. This formed ethyl ester 
and, after methylation, was reduced lithium 
aluminium hydride (apparently) 

Acid (X) was also formed, small yield, when 
(IX) was submitted the above-mentioned 
Kishner—Wolff conditions. Chromic oxidation 
(X) gave dehydro acid, probably which 
was converted Kishner—Wolff reduction into 
impure crystalline mixture. The ethyl ester (X) 
ran paper chromatography Bush’s (1952) 
systems about the same rate ethyl deoxy- 
cholate Acids 
and (IX) were resistant the action 
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periodic acid, consuming little this reagent the 
conditions used. 

(c) Nature ‘acid A’. Ziegler suggested 
that the ‘acid derived from hyocholic and 
hydroxy-7-oxocholanic acids Haslewood (1956) 
was impure. ‘Acid has now been prepared 
again hot alkaline hydrolysis crystalline 
ethyl 25°), 
made turn from diacetyl ethyl hyocholate 
Crystallized from methanol, ‘acid 


EXPERIMENTAL 


General. Melting points are corrected. Optical rotations 
were determined dm. micro-tube. Analyses (C, 
mol.wt.) were Weiler and Strauss, Oxford. 
Wootton determined infrared spectra. The was 
similar that used previous work (Haslewood, 1956), 
and neutralized described Evans Shoppee (1953). 
Anhydrous hydrazine was prepared Barton, Ives 
Thomas (1955). The 20% CrO, and light petroleum were 
described previously (Haslewood, 1956). Raney was 
freshly prepared, Adkins Billica (1948): was 


co 
Br 
enol 
acetylation 
CH-CH,-CH,+CO,Et 
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washed with water (not under H,) until the washings 
gave colour with phenolphthalein, then twice with 
ethanol. was used once. Paper chromatography 
with Bush’s (1952) systems was described Haslewood 

Ethyl (I). Ethyl 
dihydroxy-7-oxocholanate (4g., Haslewood, 1944) 
acetic acid and acetic anhydride was 
treated, with cooling about 20°, with 
(0-15 ml.). After min., the mixture was diluted with 
water and twice extracted with ether. The extracts were 
washed several times with water, aqueous NH,, and water 
and dried (Na,SO,). Evaporation left (I), colourless 
gum. 

Compounds derived after bromination 
the ester 


Bromination. Compound (I) (from starting ester) 
acetic acid (20 ml.) was treated with ml. solution 
Br, (0-7 ml.) acetic acid (30 portion (0-05 ml.) 
solution HBr acetic acid was added and the mixture 
left about 20°. After about hr., Br, disappeared and 
HBr appeared: when this mixture was poured into water 
(excess), ‘primary bromination product’ was precipitated. 
This was collected, washed with water and dried vacuo 
over would not product similarly 


CH, 
CH, 


OH-, room temp. 


in N,. Esterification 


H 
0-CO-CH, 
CH, 


(III), and an isomer (IV) 


CH, 


Raney Ni 
on thio ketal 
of (III) 
H O-CO-CH, 
bo (VI, not cryst.) 
300° 
perbenzoic CH; 
aci / 
acid CH, Acid (IX) 
Acid C,,H,0, (VIII) H ray 
(V) and (main product) 
methyl 3a: 12a-diacetoxycholanate 


(VII, not cryst.) 
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obtained after bromination for about hr. was yellow: 
readily crystallized from methanol (about ml.) give 
(II), m.p. 
130-132°. Yield, about 

Methyl and its 
isomer mixture dioxan (80 ml., distilled 
over KOH), water and was 
heated about 90° with bubbling through. was 
allowed cool about 20°, still and was added 
the bromo compound (II) g.). The stoppered mixture 
was left with occasional shaking 20° for about 
when became homogeneous and yellow. After about 
hr., CO, (excess) was passed and then dioxan was 
removed vacuo 60° below. The aqueous residue was 
treated with and NaCl (excess) and kept for 
several hours. The precipitated solid was collected, washed 
with water and dried vacuo over CaCl,. Yield, 2-2 This 
product (9-73 g.) was left with occasional mixing for days 
(v/v) H,SO, methanol (100 ml.). The mixture was 
diluted with water and extracted (twice) with ether. The 
extract was washed with aqueous NH;, and 
water: the washings were orange colour and gave 
oily precipitate acidification. Evaporation the dried 
(Na,SO,) ether left yellow gum, which was dissolved 
acetic acid (80 ml.) with acetic anhydride (16 ml.). The 
solution, kept about 25° cooling, was treated with 
mixing, was diluted with water and treated with NaHCO, 
(excess). The product was extracted (twice) with ether, 
which was washed with water and dried Evapor- 
ation left brown gum This was dissolved 
benzene (10 ml.) and the solution run column (height 
benzene. Elution was follows (fraction letter; solvent; 
vol.; wt. eluted): benzene, 1.; 4-82 g.; benzene, 
Fraction was treated with petroleum (1:4, 
v/v) and thus gave large white prisms (4-10 g.) methyl 
m.p. 
described above, gave silky white needles (1-03 g.), m.p. 
195-197°, which after recrystallization from aqueous 
ethanol gave white needles (?) methyl 
acetoxy-7-oxocholanate (IV), m.p. 196-198°; 
requires 66-2; crystalline material was 
isolated from fraction which was yellow gum. 

Thio ketals compounds and (IV). was found 
that considerable period was needed form these thio 
ketals; periods hr. less were used, unchanged 
material was recovered. Conditions finally found suitable 
were follows (e.g.): the ketone (III IV, 1-2 g.) was 
dissolved mixture ethane-1:2-dithiol ml.) and 
ether ml. ‘45%’ commercial preparation). When 
the solid had all dissolved, the stoppered mixture was left 
with occasional mixing for least hr.; longer periods did 
not improve the yield crystalline product. The mixture 
was then diluted with ether and the ether thoroughly 
washed with aqueous NH,, and water, dried 
(Na,SO,) and evaporated. The residue crystallized once 
when dissolved benzene and treated with light petroleum 
(excess), giving the thio ketal. Yield, about The 
product from (III) had m.p. and the above 
treatment (IV) gave fluffy white needles (?) methyl 
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thio ketal, m.p. 168- 
169°; ethanol (c, 0-46) (Found: 
requires 10-0%). 

Raney-nickel products from thio ketals. least two treat- 
ments below with fresh Raney were required 
obtain products not apparently containing unchanged 
thio ketal. mixture methyl 
oxocholanate thio ketal m.p. 211-215°) with 
fresh Raney (from alloy) and ethanol (80 ml.) 
was gently boiled under reflux for 20hr. Nickel was 
removed filtration and the solvent was evaporated. The 
residue, which still contained some thio ketal, was again 


boiled under reflux ethanol (80 ml.) with fresh Raney 


(from alloy) for hr. Recovery before gave the 
final product colourless oil (0-68 g.). This was dissolved 
light petroleum containing little ether and seeded with 
crystals separated, and after about weeks about 
these were collected and washed with light petroleum. 
R’=Me), mg., m.p. 143-147°. This ester 
was identical with that described below. 

other experiments the final Raney product (0-78 g.) 
was hydrolysed boiling under reflux for 1-25 hr. with 
ethanol and Ethanol was 
removed vacuo and the residue dissolved water. The 
solution was treated with and (excess) and 
the precipitated solid collected, washed with water and 
dried evaporation vacuo with ethanol and benzene. 
Part (0-25 g.) the residue was left about 20° 
(v/v) H,SO,/ethanol for The product was 
diluted with water and extracted (twice) with ether. The 
ethereal solution was washed with water, aqueous NH, and 
water, dried (Na,SO,) and evaporated. The crude 
esters (0-27 g.) were dissolved benzene ml.) and run 
column Each solvent (50 ml.) eluted 
fractions follows (fraction letter; solvent; wt. eluted 
substance): benzene; 115 mg.; benzene; mg.; 
ether; 100 mg.; acetone; ethanol; mg. 
Total eluted, Fraction with light petroleum, 
readily gave crystals ethyl deoxycholate, m.p. and 
mixed m.p., ascending paper chromatography 
with Bush’s (1952) system B,, fractions and gave spots 
approx. 0-05) running the same rate ethyl 
prepared hydrolysis 
and re-esterification Takeda’s methyl 
acetoxycholanate (below) the methods described above. 
Run the same time, ethyl hyocholate and cholate 
both had approx. 0-25. Fraction gave only spot 
corresponding ethyl deoxycholate: however, 
fraction would not crystallize. Fraction (25 mg.) 
ethanol (0-5 ml.) with (0-1 ml.) was warmed 
about 60° for 0-5 hr. The mixture, diluted with water, was 
treated with and NaCl (excess). The solid 
trihydroxycholanic acid (V, R=R’=H) was collected and 
washed with water. Takeda Igarashi (1956) found, 
this substance (however obtained) did not crystallize. 
the Hammarsten test gave clear solution, becoming 
cloudy yellow. The trihydroxycholanic acid, dried 
evaporation vacuo with acetone and ethanol, was left 
(v/v) (1-5 ml.) for hr. The solution 
was diluted with aqueous NaHCO, (excess) and the organic 
product recovered with ether, which was washed with 
water, dried (Na,SO,) and evaporated. The residue was 
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dissolved acetic acid (0-5 ml.) with acetic anhydride 
ml.) and the solution treated with drop). 
After min., the mixture was diluted with water and 
extracted with ether. The ether, washed with aqueous NH, 
and water and dried (Na,SO,), was removed and the residue 
(22 mg.) treated with light petroleum and ‘seed’ 
methyl Crystals (15 mg.) 
were formed once; they had m.p. 145-148°, not depressed 
sample (m.p. 148-152°) methyl 
triacetoxycholanate given Takeda. Both 
samples had the same infrared spectrum the region 
900-1200 Neither sample depressed the m.p. 
methyl (III, m.p. 
150-152°), but this last substance gave different infrared 
spectrum. 

When the thio ketal (0-19 g., m.p. (IV) was 
treated above (twice) with Raney ethanol, the 
final product was colourless oil (0-15 g.). This crystallized 
from little light petroleum, giving diacetyl methyl deoxy- 
cholate (Koechlin Reichstein, 1942) almost the sole 
product. sample was separated chromatography 
the ethyl esters the corresponding acids (pre- 
pared hydrolysis and re-esterification the Raney 
product described above). The ethyl esters (125 mg.) 
benzene (1-0 ml.) were put column g.). 
Benzene (50 ml.) eluted mg., ether (50 ml.) mg., and 
acetone (50 ml.) 2-5 mg. 

The residues left after evaporation solvents from all 
eluates were run Bush’s (1952) system paper. The 
ether residue gave very faint, and the acetone residue 
strong, spot corresponding ethyl 
cholanate. The infrared spectra the acetone residue and 
ethyl were compared and 
found almost identical. 

Ethyl and its conversion 
into hyodeoxycholic acid. Methyl 
cholanate was hydrolysed and the acid re-esterified with 
ethanol described above. The resulting (non-crystalline) 
ethyl (26mg., R=H, 
was left for about 18° pyridine 
(0-4 ml.) with acetic anhydride (0-4 ml.). The mixture was 
diluted with and extracted twice with ether. The 
ether was washed with water, dried (Na,SO,) and evapor- 
ated. The residue acetic acid (0-5 ml.) was treated with 
20% After 10min. water and NaCl 
(excess) were added and the product extracted (twice) with 
ether. The ether, washed with water, aqueous NH, and 
water, and dried (Na,SO,) was evaporated. The residue 
with light petroleum once formed crystals, which, after 
recrystallization from benzene-light petroleum, formed 
fine white needles ethyl 
m.p. 177-179° (Found: 9-2. requires 
H.8-9 %). This substance was added small 
metal bomb containing solution (30 mg.) ethanol 
with hydrazine hydrate (0-1 ml. The 
bomb was sealed and heated 190-195° for hr. The 
contents were diluted with water and treated with 
and NaCl (excess). The solid product was collected and 
twice from ethyl acetate. then gave 


glistening white needles, m.p. not depressed 
authentic hyodeoxycholic acid (m.p. sample 
each acid was methylated with diazomethane and their 
infrared spectra were compared and found identical 
the region 900-1200 
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Compounds derived from the enol acetate (I) 


(VI). 
g.) was acetylated 
the method described above. The product (1) was 
dried vacuo over H,SO,. was then dissolved dry 
benzene (80 ml.) with acid 
(0-6 g.) and acetate ml.). During hr. the 
mixture was slowly distilled, fresh portion ml.) iso- 
acetate being added after hr. about ml. 
distillate was collected. Most the remaining solvent 
was removed vacuo and the residue dissolved ether. 
This was well washed with water, aqueous and 
water, and dried and evaporated. The residue 
(probably largely VI) was light-brown gum. 

Perbenzoic acid product from freshly prepared 
solution acid (3-77 g., approx. 4-5 mol.) 
described above. When all had dissolved, the mixture was 
left about 25° for hr. Titration showed that such 
conditions about 10% more than the theoretical amount 
perbenzoic acid needed form the epoxide (e.g. had 
disappeared. The reaction mixture was diluted with water 
and treated succession with KI, and aqueous 
(excess); was then extracted twice with ether. 
The ether was washed with water, aqueous NH, and water, 
dried (Na,SO,) and evaporated, leaving the epoxide 
(probably mainly VII) almost colourless gum. 

Acid (VIII) and derivatives. (i) Hot alkaline 
hydrolysis (VII). The product (VII) (from ethyl 
mixture ethanol (40 ml.) and The 
solution was boiled under reflux for hr., after which water 
(30 ml.) and 5n-KOH (10 ml.) were added. After further 
1-5 hr. boiling under reflux, ethanol (30 ml.) was allowed 
distil for 0-5 hr. The cooled was then filtered and 
treated with and NaCl (excess). After standing 
overnight about 5°, the precipitated solid was collected, 
washed with water and dissolved ethanol (vol. 150 ml., 
after the solution had been again filtered). the hot solu- 
tion was gradually added hot water (600 ml.). Crystals 
formed once. After hr., finally 5°, the crystals were 
collected and dried vacuo over CaCl,. Yield 2-74 This 
substance was hydrate: melted about 140°, re- 
crystallized about 155° and finally decomposed about 
260°. did not crystallize from organic solvents, but 
could purified the crystalline hydrate from aqueous 
ethanol. The hydrate acid (VIII) had 
ethanol (c, 1-7) [Found (on sample dried 80° vacuo): 
66-0; equiv.wt. (titration) 467. 
requires 65-5; 9-1%; equiv.wt. (one CO,H) 440]. This 
acid (422 mg.) methanol ml.) was left with aqueous 
0-548 ml., 1-1 mol.) about 22° for hr. After 
the usual treatment, was found that HIO, equiv. 
about 0-025 atom oxygen had been used up. From the 
reaction mixture, starting material (0-227 g.) was recovered 
the crystalline hydrate. 

(ii) Cold alkaline hydrolysis (VII). The product 
(from 4g. starting ester) was dissolved ethanol 
(40 ml.) and treated about 20° with (40 
The orange solution was left with occasional shaking for 
hr.; was then diluted with water and filtered. The 
filtrate was treated with and NaCl (excess) and 
left for The solid precipitate was collected, 
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washed with water and dried over CaCl,. The product 
(yield, 3-54 g., approx. +19° ethanol, was 
left for hr. (v/v) H,SO, methanol (50 ml.). The 
solution was diluted with water and extracted (twice) with 
ether. The ether was washed with water, aqueous NH, and 
water, dried (Na,SO,) and evaporated. The residue 
acetic acid with acetic anhydride was 
treated, with cooling about 20°, with 
After 10min. the mixture was diluted with 
water and extracted with ether. The extract, purified and 
dried above, gave, evaporation and treatment the 
residue with cold ether, white needles (1-7 g., m.p. 
the methyl ester triacetate (VIII), described below. 
The ester (VIII) was formed from the hydrate 
acid (VIII) methylation with diazomethane with 
described above; this ester could 
acetylated the HClO, method, above, or, with 
difficulty, prolonged (20 hr.) heating 95° with equal 
volumes pyridine and acetic anhydride. both cases, 
the final product crystallized from aqueous ethanol light 
long white needles the triacetyl 
methyl ester acid (VIII), m.p. 
chloroform (c, 1-7) (Found: 66-6; 8-4. 
requires 66-2; 8-2%). This substance was recovered 
quantitatively after prolonged (24hr.) treatment with 
ethane-1: 2-dithiol and ethereal BF,, described above. 
Hydrolysis with boiling ethanolic KOH reconverted into 
the acid (VIII). 

Kishner—W olff products from the acid (VIII). The follow- 
ing method gave both (IX) and (X). The hydrate 
g.) was dehydrated evaporation vacuo with 
ethanol—benzene. The residue, ethanol, was transferred 
small metal bomb and solvent evaporated. the 
bomb was added dry ethanol ml.) and g.). When 
the had dissolved, anhydrous hydrazine (0-8 ml.) was 
added and the bomb was sealed and heated for 
hr. The contents were then washed out with water, and 
the solution treated with and NaCl (excess). The 
white crystalline solid was collected and washed with 
water. was dissolved ethanol (15 ml.) and the hot 
solution diluted with water (30 ml.). standing, acid (X) 
was precipitated white needles these were 
collected and washed with water-ethanol (2:1, v/v). The 
liquors were evaporated vacuo and the residue crystal- 
lized from acetate give acid (IX), yield 
130 mg. 

higher yield acid (X) was given the method 
Moffett Hunter (1951). The method Barton al. 
(1955) gave only acid (IX). 

Acid This substance crystallized from acetone- 
ethyl acetate large colourless prisms, decomp. about 
270°; Hammarsten HCl test, clear yellow; [a]? -10+4+1° in 
ethanol (c, 1-5) (Found: 67-9; 9-2. requires 
67-9; 9-4%). This acid (0-1 g.) methanol ml.) 
was left with aqueous ml.) for hr. 
about 25°. Titration showed that almost HIO, had been 
consumed. Oxidation acid (IX) acetic acid room 
temperature with 20% CrO, (excess) gave product which 
could extracted ether after dilution the mixture 
with water. Evaporation the washed ether gave 
crystalline product m.p. (decomp.); was not 
further purified. similar product (m.p. was 
similarly isolated from acid (VIII). Both products gave 
only faint yellow colours treatment with aqueous NaOH: 
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this finding probably indicates that they not contain 
keto groups C-6 cholane nucleus (Haslewood, 
1956). When acid was submitted Kishner—Wolff 
conditions (method Moffett Hunter, 1951) there was 
obtained small yield acid (X), isolated described 
above. 

Acid (X). This acid was recrystallized from ethyl 
acetate. formed short white needles which decomposed, 
with sublimation, about 295-310°. Analysis was unsatis- 
factory, probably because these properties (Found: 
69-6; 9-2. requires 70-9; The acid 
was sparingly soluble all neutral solvents; mg. 
mixture ethanol ml.) and H,SO, (0-1 ml.), was 
warmed about 60°, until dissolved. After some days, 
the solution was diluted with aqueous NaHCO, (excess). 
The solid product was collected, washed with water and 
from aqueous ethanol, giving the ethyl ester 
acid (X) colourless, glistening leaflets, m.p. 
mol.wt. (Rast) 518. requires 71-9; 
mol.wt. 434]. This ester gave colour with tetranitro- 
methane paper chromatography with 
Bush’s (1952) system ran about the same rate 
ethyl deoxycholate. alkaline hydrolysis was recon- 
verted into the original acid (X). The corresponding 
ester, partially purified, had m.p. 178-184°: acetylation 
this the HClO, method finally gave gelatinous solid 
which was washed with water and then dried 95° 
vacuo for analysis [Found: 68-6; 8-8; 
(diacetate) requires 69-0; 8-7%]. LiAlH, product: 
acid (X) (0-1 g.), was suspended methanol and methyl- 
ated with diazomethane (excess). The solvent was removed 
vacuo and the residue treated with dry ether (10 ml.) and 
powdered added two portions (each 0-25 g.). 
The mixture was gently boiled under reflux for 1-25 hr. and 
then cooled ice and decomposed with ice and 
The product was extracted (twice) with ether and the ether 
washed with water, aqueous NH, and water and dried 
Evaporation left residue which 
once with ether, giving small white needles (48 mg.) 
(probably) the (hydrated) C-24 alcohol corresponding 
(X), m.p. partly recrystallizing and remelting 
ethanol (c, 1-0) [Found 
70-4; mol.wt. (Rast) 383. 
requires 70-25; 10-2%; mol.wt. 410]. 

Dehydro acid (X). Acid (X) was suspended 
acetic acid ml.) and 20% (0-3 ml.) added. Acetic 
acid ml.) was added after min. and the mixture gently 
agitated until all had dissolved (30 min.). After further 
min. was treated with water and NaCl (excess). The 
crystalline precipitate was collected, washed with water 
and recrystallized from aqueous ethanol, giving product 
m.p. (decomp.) [Found: 71-4; 
mol.wt. (Rast) 346. requires 71-6; 
mol.wt. 402]. When this substance was subjected 
conditions, the product was crystalline 
acid, the m.p. which could raised recrystallization 
77-0; Clearly this (impure) substance cannot 
mainly the ‘stem’ acid, derived reduction 
:CH, two :CO groups the dehydro-acid 
reduction one such group and another 
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‘Acid from hyocholic acid 

Crystalline diacetyl ethyl hyocholate (prepared 
described Haslewood, 1956) had 
ethanol (c, 0-9). Oxidation with CrO, 
described gave ethyl 
which had ethanol (c, 0-8). This confirms 
the previously made statement that oxidation keto 
very slightly: the original evidence for this statement 
was based partly observations now known faulty. 
(0-5 m.p. ethanol (10 ml.) and 5n-KOH 
(1-5 ml.) was boiled under reflux for The cooled 
(yellow) mixture was treated with water, and NaCl 
(excess). was kept overnight and the solid pre- 
cipitate was finally collected, washed with water and 
from aqueous ethanol. Yield white needles, 
0-21 g., m.p. about 222° (decomp.). Two recrystallizations 
from methanol gave white needles constant m.p., 
227° (decomp.), ethanol (c, 1-2) [Found 
(titration): equiv.wt. 394. (one CO,H) requires 
equiv.wt. 406]. Hence the original preparation (Haslewood, 
1956), ‘acid A’, which had m.p. 
was impure. The properties 
acid given Takeda al. (1954), Ziegler 
and Hsia al. (1957a) are quite different. 


DISCUSSION 

(a) acid and de- 
rivatives. Derivatives this compound gave 
infrared spectra quite different from those 
and acid’. 
This finding strengthens further the evidence 
against the structure proposed Ohta (1939) and 
Isaka (1940) for this last acid. Moreover, none 
the substances now described showed positive 
(blue purple) Hammarsten reaction; this 
given strongly ‘tetrahydroxynorsterocho- 
acid’ and was reported Ohta (1939) 
characteristic also his ‘3:6:12-trinydroxycho- 
acid’. 

obviously possible that the isomer (IV) 
(III) methyl 
ate. This view consistent with the optical- 
rotation findings, for the rotations and its 
thio ketal are more positive than those and 
its thio ketal (Takeda Igarashi, 1956, and 
present work). Since the contribution 
hydroxyl group known much more positive 
than that group the cholane series 
(Fieser Fieser, 1949), these observations support 
the idea that may the 68-OH epimer (IIT) 
however, ‘vicinal’ effects the present case are un- 
certain, and further chemical evidence desirable. 

(b) Products derived from the enol acetate (VI). 
seems probable that the perbenzoic acid product 
from fact the B-oxide (VII), for the «-side 
the molecule (V1) offers considerable hindrance 
the approach the reagent. (Compare, how- 
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ever, Henbest Wilson, 1957; Albrecht Tamm, 
1957). Hot cold hydrolysis (VII) gave the 
same products; i.e. derivatives the acid 
(VIII), and hence this can hardly 
the type ‘acid (discussed below) derived only 
hot alkaline treatment. One Kishner—Wolff 
product (IX, from almost 
certainly simply the corresponding secondary 
alcohol (at C-7); indeed and oxid- 
ation with cold chromic acid were converted into 
(apparently) the same (impure) reaction product. 

strongly dehydrating conditions seems 
monomeric. apparently still contains 
secondary hydroxyl group the hindered C-7 
position, for treatment 
chromic acid oxidation product (dehydro acid, 
failed give the expected ‘stem’ acid 
conversion two :CO groups into 
:CH,. 

Formula (X) appears least possible, for 
molecular models suggest that fairly close 
approach 3a- and groups can 
readily take place the series. formula has 
been devised which will postulate retention the 
(cholane) structure (VIIT) and later products, 
and explain their properties. 

must emphasized that formula (X) 
largely speculative. depends the assumption 
(VI) for the enol acetate (I), and postulates, 
that (VIII) and (IX) are, respectively, 
trihydroxy-7-oxo- and 
that they did not react with periodic acid (see, 
however, Hsia al. Formula (X) cannot 
regarded providing more than working 
hypothesis for future studies. 

The keto group acid (VIII) more hindered 
than any steroids known the present writer. 

(c) ‘Acid A’. 
acid has now been prepared three Laboratories 
(Takeda al. 1954; Ziegler, Hsia al. 
1957a). converted hot alkali into mixture 
from which pure ‘acid can isolated. For this 
substance, Ziegler (19566), following Takeda al. 
(1954), suggested the formula 
acid. Chemical evidence for this 
formula incomplete. Later considerations the 
structure this compound not affect signifi- 
cantly the evidence indicating the structure 


SUMMARY 


Careful alkaline hydrolysis ethyl 
diacetoxy 
after appropriate further treatment, methyl 
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and isomer, 
probably 
ate. The thio ketal the with Raney 
nickel gave derivatives deoxycholic acid, and, 
minor yield, acid. 
This last acid has been converted into hyodeoxy- 
acid. These results confirm and extend those 
Takeda Igarashi (1956). There doubt 
that acid not the 
substance (‘3:6:12-trihydroxycholanic acid’) ob- 
tained Ohta (1939) from ‘tetrahydroxynor- 
sterocholanic acid’. 

The enol acetate ethyl 
oxocholanate has been prepared and treated with 
perbenzoic acid. Hydrolysis the epoxide gave, 
Wolff condition was converted into two other acids, 
and (probably) The chemical 
reactions these substances have been explored, 
and suggested that possible formula for the 
acid (X). 

Crystalline diacetyl ethyl hyocholate, 
23°, has been converted into 
7-oxocholanate, Hot alkaline hydro- 
lysis this gave, after purification, new pre- 
paration ‘acid (Haslewood, 1956), m.p. 
227°, Hence, Ziegler sug- 
gested, the original ‘acid was impure. could 
not have been chiefly 
anic acid. 

The author thanks Takeda for helpful discussion 
the problems this research, for copy forth- 
coming publication Takeda Igarashi and for gift 
methyl also thanks 
Wootton for his generous help determination 
and interpretation infrared spectra. 
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Studies the Hydrolysis Lecithin 
Penicillium notatum Phospholipase Preparation 
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previous publication was reported that the 
phospholipase prepared from the mycelium the 
mould Penicillium notatum, which normally attacks 
only lysophosphoglycerides, could also hydrolyse 
lecithin provided that certain activating lipids were 
present the system (Dawson, 1957). Two such 
activating lipids have been isolated from liver tissue 
and identified the phosphoglyceride, monophos- 
phoinositide and also polyglycerol phospholipid 
(Dawson, 1958a). When either these lipids 
added low concentration system containing 
lecithin and notatum phospholipase there 
immediate hydrolysis the lecithin, with the 
liberation glycerylphosphorylcholine and free 
fatty acids. 

the research reported the present paper this 
apparent change specificity the enzyme the 
presence the activating lipids has been investi- 
gated some detail try determine the nature 
its mechanism. The activating effect confined 
comparatively small group lipid substances 
which have, however, very 
similarities, except that they contain two more 
fatty-acyl ester bonds which are necessary for the 
activation. The activated lecithin hydrolysis 
extremely sensitive the effects fluoride, and 
bivalent ions such Ca?+ and are also 
inhibitory. 

Monophosphoinositide, one the activating 
lipids, has been shown attacked the 
which can completely inhibited the presence 
lecithin. However, the possibility acyl 
transferase type reaction between lecithin and 
monophosphoinositide has been ruled out the 
use acid-labelled lecithin substrate 
and the re-isolation the activating monophos- 
phoinositide from the incubation medium. 

employing simple ether-extractability test 
has been demonstrated that two the activating 
lipids, monophosphoinositide and cardiolipin, cause 
very pronounced effects the surface the leci- 
thin particles emulsion, changing from 
lipid-like extractable form that non-lipid. 
suggested that the role these lipids 
promoting lecithin hydrolysis may introduce, 


the surface the lecithin particles, certain 
additional polar groups which are necessary for the 
enzymic attack. 


METHODS 


Enzyme preparation, etc. The preparation 
phospholipase has been described (Dawson, 1957). 
Attempts purify the enzyme further than simple 
ammonium sulphate fractionation have met with little 
success, probably because the very low protein concen- 
tration found the mould autolysates. Usually the 
enzyme was stabilized the addition glycerol vol.), 
but the enzyme aqueous solution retained its activity for 
many months 15°. 

Incubation. was convenient store many the lipids 
used organic solvent solution (chloroform 
methanol) The incubations were performed 
ml. capacity glass-stoppered tubes, into which the 
requisite amounts lipid solution were pipetted. The 
solvent was removed vacuo about 40°: splash head 
with ground-glass joint which fitted into the neck the 
tube was convenient for this purpose. Buffer was then 
introduced and the lipid emulsified shaking 37°. 
After introduction the enzyme and incubation 37° for 
requisite period, the reaction was stopped the addition 
0-2 vol. serum albumin solution and 0-8 vol. 
10% (w/v) perchloric acid. The serum albumin facilitated 
the removal the unchanged lipid substrate and the 
liberated fatty acids centrifuging and filtration, that 
the water-soluble hydrolysis products could determined. 


Preparation lipids 


Ovolecithin. This was prepared from the acetone- 
insoluble lipids egg yolk (Hanahan, Turner Jayko, 
1952). solution these (1:1, 
v/v) was passed through activated-alumina column. 
The eluate was evaporated dryness and the lecithin 
fractionated silicic acid column remove lysolecithin 
with (17:8, v/v) solvent (Lea, 
Rhodes Stoll, 1955). Failure remove lysolecithin 
resulted very small liberation 
choline the presence the phospholipase preparation 
which was not observed with pure lecithin. Liver lecithin 
used few experiments was isolated similar manner, 
but inevitably this product would contain small percent- 
age choline-containing plasmalogen. 

Lecithin labelled with fatty acids. The preparation 
this was based observations made Bergstrém, 
Borgstrém Rottenberg (1952), Blomstrand (1955) and 
Hanahan Blomstrand (1956). rat (183 g.) was given 
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stomach tube acid (30 mg.) dis- 
solved ml. warm olive oil. Free access food and 
water was allowed. After 7-2 hr. the animal was killed and 
the liver and small intestine were removed, the latter 
being cleaned syringing physiological saline through it. 
The organs were then homogenized independently 
vol. (1:1, v/v) and worked 
separately isolate the lecithin. Each extract was 
evaporated dryness vacuo and the residue extracted 
with ethanol. The ethanol-soluble lipids were evaporated 
dryness and the residue extracted with ether. The ethereal 
solution was cooled and ether-insoluble lipids removed 
centrifuging. The ether-soluble phospholipids were pre- 
cipitated adding excess acetone and then this acetone 
precipitation was repeated. Lecithin was then prepared 
from these ether-soluble, acetone-insoluble phospholipids 
chromatography activated-alumina adsorption 
column with (1:1, v/v) developing 
solvent (Rhodes Lea, 1957). The liver lecithin prepared 
and the intestinal lecithin (1-1 mg. 3-4 
Robinson (1950) pattern. 

Monophosphoinositide. This was isolated from liver tissue 
(horse, sheep, rat, guinea pig rabbit), methods similar 
those described previous paper (Dawson, 
The methanol-soluble ‘kephalins’ were adsorbed 
alumina column from (1:1, v/v). The 
‘kephalins’ were then eluted with 
water (2:5:2, vol.); the lipid inositol came off the 
column considerably after the main bulk the nitrogen- 
containing kephalins, that considerable enrichment 
the monophosphoinositide could obtained discarding 
the initial non-inositol-containing fractions coming from 
the column. The monophosphoinositide-rich fraction was 
then chromatographed silicic acid column with 
(4:1, v/v) solvent. The nitrogen- 
containing kephalins emerged from the column first, and 
eventually the monophosphoinositide. The appearance 
the monophosphoinositide could hastened 
changing the solvent (3:2, v/v) 
suggested the work Hanahan, Dittmer Wara- 
shina (1957). The resultant product contained very little 
nitrogen ninhydrin-reacting material. Inositol analysis 
indicated that was better than 90% pure. Flame photo- 
metry showed the absence calcium the preparation, 
but appreciable sodium atoms/mol.) and little 
potassium were present. 


Other materials 


Tripalmitin was commercial 
twice from ethanol; analysis showed contain 
phosphorus. Cardiolipin was obtained through the gener- 
osity Macfarlane and was assumed have 
phosphorus atoms/mol. Monoglycerides and diglycerides 
were kindly given Bevan. Lysolecithin was 
prepared method described previously (Dawson, 
1956). Other chemicals used were the best commercial 
samples available. Aluminium oxide (Hopkin and 
Williams Ltd., 100-200 mesh), and silicic acid 
(Mallinckrodt) were used for chromatography. Formic 
acid—NaOH buffers were prepared titration with use 
meter. 
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Analytical methods 

Methods estimation used for choline, 
phorylcholine, fatty acids, acyl fatty-ester bonds, inositol 
and phosphorus have been listed previously (Dawson, 
the estimation choline the precipitation 
choline periodide tended non-quantitative the 
presence appreciable amounts glycerol which was 
introduced into the incubation medium the use 
glycerol-stabilized enzyme. Consequently the choline 
periodide was precipitated out solution containing less 
than glycerol and hr. more was allowed for 
precipitation. 

RESULTS 
Nature the enzymically catalysed reaction 


has already been shown that the enzymic attack 
notatum extracts lecithin results the 
liberation 
choline and free fatty acids (Dawson, 1957, 
1958a). Further experiments demonstrated that 
although the extracts contained glycerylphos- 
phorylcholine diesterase which was not removed 
treatment with ammonium sulphate (50 g./100 ml.), 
this was not appreciably active the acid 
which lecithin breakdown occurred. 

Difficulty was encountered initially relating 
the accumulation water-soluble phosphorus 
choline the incubation medium with the dis- 
appearance acyl-fatty ester bonds. Results 
indicated this was due the presence glycerol 
introduced the enzyme preparation and also 
volatile fatty acids the buffers used. Conse- 
quently, experiments were performed with freshly 
prepared enzyme aqueous solution and 
buffer. The incubation media were saturated with 
carbon dioxide reduce the sufficiently for the 
reaction occur. these the per- 
centage liberation water-soluble phosphorus 
corresponded closely the percentage decrease 
acyl-fatty ester bonds measured hydroxamic 
acid technique (Stern Shapiro, 1953). 

All the available evidence therefore indicates 
that when the enzyme hydrolyses lecithin the 
presence activating lipid the net reaction 
the presence lecithin breakdown activating 
lipid can detected. 


Lipids which activate lecithin breakdown 
Penicillium notatum phospholipase 


Two lipids were isolated from liver, which con- 
sistently activated the lecithin —P. notatum extract 
system when added low concentrations. These 
were identified monophosphoinositide and poly- 
glycerol phospholipid (Dawson, 1958a). the 
present investigation survey has been made 
various substances, both lipid 
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Table 


Usually lecithin was emulsified with ml. buffer (pH 4), and incubated 37° for 
with 0-2 ml. notatum extract. All results were confirmed independent runs. Lipids were mixed with the lecithin 


and lecithin-lipid emulsion was prepared. 
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Lipids and non-lipids tested for activation the notatum extract system 


Strong activation 


Liver polyglycerol phospholipid 


Cardiolipin 
Monophosphoinositide 


Moderate activation 


Tripalmitin 
Tristearin 


Folch phospholipid fraction mg. from human brain)* 


Low activation 


Palmitic acid 
Oleic acid 
Elaidic acid 


Cardiolipin mixed fatty acids (300 


activation 


Lipids 
Triolein 
Triacetin 
Cholesterol 
Stearic acid 
acid 
1-Monolaurin (1-2 
1-Monostearin 
1:2-Dilaurin 
1:2-Dipalmitin (1-2 
Hexadecanol 
Octadecanol 
Phosphatidylethanolamine (3-7 from 
Lysolecithin (0-7 


Mainly phosphatidylserine plus diphosphoinositide 


Non-lipids 
Sodium diphenylphosphate mm) 
Sodium ethylenediaminetetra-acetate mm) 
CaCl, 
MgCl, 
FeSO, 
Hexadecyltrimethylammonium bromide 
Sodium secondary-alkyl sulphates 
Lissapol 
Glycerol 
Ether (0-2 ml.) 


Some samples impure liver phosphatidylethanolamine and synthetic kephalin have given slight activation. 


which was thought might activators lecithin 
breakdown. Only four the pure compounds 
tested showed any appreciable activity the test 
system; the most active molar basis was 
cardiolipin atoms/mol. assumed) closely 
followed monophosphoinositide, and much less 
active were the saturated triglycerides, tripalmitin 
and tristearin (Table 1). Liver polyglycerol phos- 
pholipid was not examined the present work, 
because its method isolation from liver (Dawson, 
1958a) did not give sufficient quantities for 
systematic investigation. However, according 
all the available evidence cardiolipin probably 
possesses structure very similar that 
liver polyglycerol phospholipid (Pangborn, 1947; 
McKibbin Taylor, 1952; Macfarlane Gray, 
1957). 

Fig. shows the lecithinase activity obtained 
when various amounts activating lipid are 
these experiments the lecithin hydrolysis was 
measured using emulsion lecithin mixed 
with the activating lipid. Activity still 
observed emulsions the two lipids buffer 
were prepared separately and then mixed, but 


generally was somewhat lower than when the 
mixed lipid emulsion was used substrate. The 
use liver lecithin place ovolecithin did not 
appreciably affect the pattern activity observed. 

number features the activity curves can 
noted. detectable activity occurs the 
absence activating lipid. initial experiments 
very slight activity was observed, but, after 
purification the lecithin from contaminating 
lysolecithin silicic acid columns, activity was 
longer detectable. was consistently found that 
certain minimum amount activating lipid 
needed added before any breakdown 
lecithin occurred although this minimum threshold 
value could lowered somewhat prolonging 
the time incubation, was still perfectly 
definite even when large amounts the enzyme 
preparation were added the system. Once the 
threshold concentration activating lipid was 
exceeded, rapid breakdown lecithin occurred. 
With emulsions lecithin plus cardiolipin 
monophosphoinositide higher concentrations, 
the reaction appeared proceed distinctly 
slower rate. The activity promoted tripalmitin 
was much less marked than that produced the 
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other two lipids, even though the incubation time 
was longer and the highest concentration 
enzyme was used. Very similar results were ob- 
served with tristearin. 

The activating effect any two activating lipids 
was greater than the activity produced either 
independently. This clearly demonstrated the 
results given Table Whereas the use 
mixed activating lipid, e.g. tripalmitin cardio- 
lipin, results very appreciable breakdown 
lecithin, the addition either activating lipid 


Glycerylphosphorylcholine 


Activating lipid added 

Fig. Effect the amount activating lipid added 
lecithin promote its hydrolysis notatum ex- 
tracts. All tubes contained ovolecithin (2-6 and 
were incubated 37° final medium volume 
1-2 ml. Monophosphoinositide activating lipid; 
formate buffer Incubation, 35min. 
0-04 ml. enzyme, buffer (pH 
Incubation, min. Cardiolipin activating lipid; 
enzyme, buffer (pH 3-3). 
Incubation, min. Tripalmitin activating lipid; 
enzyme, buffer (pH 4-0). 
Incubation, min. 
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the same concentration, but independently the 
same system, resulted 
choline release. This presumably because the 
minimum threshold concentration activating 
lipid was not exceeded. The use activating 
lipid plus non-activating lipid such triolein 
cholesterol did not show any similar effect. 

Table given list other lipids and non- 
lipids which have been tested under 
similar experimental conditions and 
found cause appreciable activation the 
notatum system. noteworthy that 
saturation the incubation medium with ether 
the addition excess ether does not result 
activation, has been observed with snake-venom 
phospholipase (Hanahan, 1952) and the 
thinases plants which split off phosphorylcholine 
free choline from the lecithin molecule (Kates, 
1953; Hanahan Vercamer, 1954). very small 
release glycerylphosphorylcholine was observed 
the addition high concentrations oleic, 
elaidic, palmitic acids the mixed fatty acids 
prepared from cardiolipin, but not with stearic 
erucic acids. [Epstein Shapiro (1957) have 
recently shown that intestinal lecithinase 
stimulated the addition fatty acids, although 
absolute requirement for these was not demcn- 
strated.] Ca?+ ions and detergents showed 
activity and were fact inhibitory when added 
system already activated the addition 
monophosphoinositide cardiolipin. Water-soluble 
phosphodiesters which can stimulate the choline- 
splitting lecithinase cabbage (Davidson Long, 
1957) were without activity. 


optima the activated lecithin breakdown 
Penicillium notatum 


The was determined which maximum 
lecithin breakdown occurred the presence 
constant level activating lipid. Fig. shows the 
results obtained with mixed substrate lecithin 


Table Breakdown lecithin Penicillium notatum the presence mixed activating lipids 


Lipids mixed with 2-6 lecithin were emulsified ml. buffer (pH 3-3) and 0-2 ml. 
glycerol-treated notatum extract was added. Incubation, min. 37°. 


Glyceryl- 
phosphorylcholine 
liberated 
Activating lipids added 
None 
Monophosphoinositide (0-2 
Cardiolipin (0-09 
Tripalmitin (1-2 
Monophosphoinositide (0-2 cardiolipin (0-09 1-34 
Monophosphoinositide (0-2 (1-2 0-81 
Cardiolipin (0-09 (1-2 1-48 
Cholesterol (1-2 
Triolein (1-2 
Monophosphoinositide (0-2 (1-2 0-05 
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Fig. optima the monophosphoinositide-promoted 
lecithinase activity notatum extracts various 
buffers. The substrate was emulsified with 
buffer and the tubes were then incubated 37° with 
0-2 ml. notatum extract. O—O, Sodium 
formic acid buffers (0-2m). Substrate 
buffers (0-05m). Substrate (2-5 lecithin 
Incubation, 
monophosphoinositide). Incubation, min. 
Disodium hydrogen phosphate acid 
Incubation, 
120 min. 


liberated 


extracts promoted with various activating lipids. 
tripalmitin. Sodium acid buffers. Incu- 
bation, 150 min. 37°. Substrate, 
formic acid buffers. Incubation, min. 37°. 
phosphoinositide. Sodium acid buffers. 
Incubation, min. 37°. 
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plus monophosphoinositide, and number 
different types buffer. The optimum seems 
lie between 3-1 and all the buffers used, 
the activity the buffer 
1921) being somewhat lower than 
the phthalate volatile fatty acid buffers. 
Whereas the formate, phthalate and citrate— 
phosphate buffers little activity was observed 
these values with acetate buffer. 4-2 
activity was found with any buffer. 

The optima the activations produced 
various lipids are compared Fig. for volatile 
fatty acid buffers. Whereas the curve 
for mixed cardiolipin plus lecithin substrate 
closely similar that monophosphoinositide 
plus lecithin substrate, the curve for tripalmitin 
plus lecithin substrate quite different, reaching 

Fairbairn (1948) reported optimum for 
notatum phospholipase while Contardi 
Ercoli (1933) found optimum 3-5 for the 
corresponding enzyme from Aspergillus oryzae, 
which possibly reflexion the acid conditions 
under which these moulds flourish. With the 
present enzyme preparation and formate buffers, 
the maximum hydrolysis lysolecithin occurred 
3-3. This was identical with the lecithin 
breakdown activated with cardiolipin mono- 
phosphoinositide, but not that activated with 
tripalmitin. However, whereas appreciable lyso- 
lecithin hydrolysis still took place 
detectable attack lecithin plus cardiolipin 
monophosphoinositide substrate occurred this 


pH. 


Effect metals and inhibitors the reaction 


notatum phospholipase enzyme which 
comparatively insensitive metal ions in- 
hibitors (Fairbairn, 1948). was therefore some- 
what surprising find that the lecithinase activity 
the preparation the presence monophos- 
phoinositide was completely abolished the 
addition bivalent ions such Ca?+, Mg?+, 
activity produced the addition monophos- 
phoinositide seemed more sensitive the effects 
Ca?+ than that promoted the presence cardio- 
lipin tripalmitin the substrate (Table 3). The 
addition Ca?+ ions concentration 2-1 
was completely without effect 
thinase activity the extract. Results with Mg?* 
were very similar those obtained with the 
most sensitive being again the monophosphoino- 
sitide-promoted lecithinase activity. The addition 
ions produced little reversal the inhibitory effect 
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the bivalent ion the lecithinase activity 
except when tripalmitin was used the activating 
lipid (Table 3). fact, with cardiolipin-activated 
lecithinase activity, the addition ethylenedi- 
aminetetra-acetic acid consistently increased the 
inhibition produced calcium, even though the 
chelating agent added its own 
inhibitory. 

Because the inhibitory action bivalent ions 
lecithinase activity was surprising that 
fluoride was potent inhibitor the reaction. This 
applied whether the preparation was attacking 
substrate lecithin plus cardiolipin, lecithin 
plus monophosphoinositide, lysolecithin its 
own. Effects were still apparent the cardiolipin- 
activated lecithinase level 0-41 fluoride. 
Fluoride known inhibit other esterases such 
the alkaline and acid phosphatases, lipases, and 
cholineesterases, but all these enzymes, contrast 
with notatum phospholipase are activated 
bivalent-metal ions. 
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Another unexpected finding was the insensi- 
tivity the lysolecithinase activity the pre- 
paration the action cyanide. Fairbairn (1948) 
reported that cyanide was inhibitor notatum 
lysolecithinase, and has not been possible 
account for this discrepancy. Both the commercial 
detergents Comprox which mixture sodium 
secondary-alkyl sulphates, and Cetavlon (hexade- 
cyltrimethylammonium bromide) 
hibited the lysolecithinase 
vated lecithinase the notatum extract con- 
centrations 


Experiments show that the activating lipids 
structure essential for lecithin hydrolysis 


High concentrations the mixed fatty acids 
isolated from cardiolipin were found weakly 
active promoting lecithin hydrolysis. However, 
showed that this could not possibly 
account for the activity the cardiolipin molecule 
the lecithin—P. notatum extract system. This was 


Table inhibitors the lecithinase activity Penicillium notatum 
extract promoted with various lipids 


normal activity 


Lecithin 
monophospho- 
inositide 
substrate 


Conen. 
Inhibitor 


Ca?+ 


0-14 


tetra-acetic acid 


ethylenediamine- 
tetra-acetic acid 


NaF 


KCN 


0-08 


Comprox 


Cetavlon 


Lecithin 
tripalmitin 
substrate 


Lecithin 
cardiolipin 
substrate 


Lysolecithin 
substrate 


Table show that hydrolysis sodium hydroxide cardiolipin and monophosphoinositide 
destroys their ability activate the Penicillium notatum system 


(pH 3-3), 0-2 ml. notatum extract; incubation, min. (monophosphoinositide) and 120 min. (cardiolipin) 37°. 


Substrate 


Lecithin cardiolipin 


choline liberated 
(umole) 


0-50 


Lecithin cardiolipin hydrolysed with NaOH 0-01 


Lecithin monophosphoinositide 


Lecithin monophosphoinositide hydrolysed with NaOH 0-02 
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confirmed for cardiolipin and also monophos- 
phoinositide experiments which the fatty acyl- 
ester bond was broken brief incubation 37° 
with methanolic NaOH (Dawson, 1954). The 
methanol was removed and after the NaOH had 
been neutralized the mixed hydrolysis products 
were added lecithin emulsion and the whole 
was incubated with notatum enzyme. Lecithin 
hydrolysis only equivalent control 
tubes which the hydrolysis sodium hydroxide 
had been omitted (Table 4), indicating that the 
integrity lipid structure essential for activity. 

Similarly, the activity shown the triglycerides, 
hydrolysis products these compounds, since 
were completely without activity (Table 1). 


Action the Penicillium notatum 
extract activating lipids 


Experiments which cardiolipin alone was 
incubated with notatum extract did not indicate 
either increase non-lipid phosphorus 
decrease acyl-ester bonds. Similar experiments 
with tripalmitin again showed decrease acyl- 
ester bonds increase titratable fatty acids. 
However, when the notatum extract was incu- 
bated with monophosphoinositide was apparent 
that there was both liberation free fatty acid 
and non-lipid phosphorus and also decrease 
acyl-ester bonds. This decomposition illustrated 
the experiments reported Table which 
the release water-soluble inositol from the lipid 
has been measured. can seen that ovo- 
lecithin added the monophosphoinositide 
reaction (Table Expt. 2). However, the 
incubation prolonged that most the ovo- 
lecithin broken down through the activation 
effect the monophosphoinositide, then some 
liberation non-lipid inositol does take place 


LECITHIN HYDROLYSIS PHOSPHOLIPASE 565 


(Table Expt. 1). has been shown that the 
water-soluble phosphorus released 
from the monophosphoinositide partly the 
form glycerylphosphorylinositol (Dawson, 
and details the reaction are being published 
elsewhere. 


Experiments determine whether there acyl 
transfer between lecithin and monophosphoinositide 


The finding that monophosphoinositide was 
broken down notatum extract and that this 
hydrolysis was completely inhibited 
presence ovolecithin, which these circum- 
stances broke down itself produce 
suggested the possibility 
acyl transfer fatty acids from lecithin mono- 
phosphoinositide. notatum known contain 
enzyme which can catalyse intra-acyl transfers 
fatty acids (Uziel Hanahan, 1957). Conse- 
quently experiments were performed which 
lecithin labelled with acid, and inactive 
monophosphoinositide, were incubated with 
notatum extract and then the monophosphoino- 
sitide was re-isolated from the incubation medium 
ascertain whether possessed any radioactivity. 
can seen from the results Table that 
evidence could obtained for the transfer 
labelled-fatty acid from the lecithin mono- 
phosphoinositide, although was obvious that 
considerable release free fatty acid from the 
lecithin had occurred. these experiments 
intestinal lecithin was used well liver lecithin, 
because the results Hanahan Blomstrand 
(1956) indicate that after the feeding saturated 
acid rats their liver lecithin pre- 
dominantly labelled the whereas the 
intestinal lecithin has considerable label the 
The recovery monophosphoinositide 
from the incubation medium was low (26—51 but 
its identity was confirmed inositol assay. 


Table Liberation acid-soluble inositol incubating monophosphoinositide 
with Penicillium notatum extract 


Expt. ml. acetate buffer (pH 4), 0-2 ml. enzyme, incubated with substrate hr. 37°. Expt. ml. 
formate buffer (pH 3-3), 0-2 ml. enzyme, incubated with substrate min. 37°. 


Acid-soluble 
inositol liberated 


Expt. 
Monophosphoinositide (=45-5 inositol) alone <0-2 
notatum extract alone <0-2 
Monophosphoinositide (=45-5 inositol) notatum extract 37-0 
plus ovolecithin (1-9 19-3 
Expt. 
Monophosphoinositide (=116 inositol) alone <0-1 
Monophosphoinositide (=116 inositol) notatum extract 31-0 
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Does the activating lipid cause precipitation 
enzyme the surface the lecithin 


Kates Gorham (1957) have recently produced 
evidence that the ether activation phospho- 
lipase occurring plant plastids may due its 
producing coalescence lecithin and chloroplast 
phases. the present work was constantly 
observed that, when enzyme solution was pipetted 
into control tubes containing only activating lipid 
(monophosphoinositide cardiolipin), marked 
increase turbidity occurred. Consequently 
appeared possible that the function the acti- 
vating lipid promoting lecithin hydrolysis was 
some way attach precipitate the enzyme 
the surface the lecithin particle that the 
reaction could take place. Experiments were 
performed therefore which, after the addition 
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enzyme the incubation medium, the lecithin was 
partially separated high-speed centrifuging. 
The phospholipase content the supernatant 
and lipid precipitate were then compared using 
lysolecithin test substrate. The results showed 
that while there was even distribution enzyme 
between the supernatant and fractions, 
the phospholipid was present the 
‘precipitate’ fraction (Table 7). This suggests that 
appreciable precipitation the phospholipase 
can have occurred the surface the lecithin 
particle the presence activating lipid. 
possible, however, that enzyme attached 
lecithin plus activating lipid particle may not 
available for lysolecithin hydrolysis. Control 
experiments indicated that lecithin itself did not 
appreciably affect the assay phospholipase 
with lysolecithin test substrate. 


Table Incubation labelled lecithin with monophosphoinositide and Penicillium notatum 
extract followed re-isolation the lipids 


Expt. liver lecithin (416 monophosphoinositide (60 was incubated 37° for min. 
buffer 3-3, ml. aqueous notatum extract. Total vol., ml. Expt. in- 
testinal lecithin (428 monophosphoinositide (62 was incubated 37° for min. water saturated 
with CO,, +0-5 ml. aqueous notatum extract. Total vol., ml. The lipids were re-isolated from 
extract the incubation medium. They were first applied activated alumina column (1:1, v/v); 
the monophosphoinositide and fatty acids remained the column and were eluted with (2:5:2, 
vol.). They were then applied silicic acid column (9:1, v/v). The fatty acids were not absorbed; 
the monophosphoinositide remained the column and was subsequently eluted with (3:2, v/v). The 
radioactivity the fractions was determined with mica-window tube. Figures parentheses represent 
recoveries phosphorus 

Counting rates re-isolated lipids 
A 


Free fatty Monophospho- 


Lecithin acid fraction inositide 
Liver lecithin (containing acid) 

Incubated without enzyme 400 (363) (28) 
Incubated with enzyme 300 (299) 1280 (17) 
Expt. Intestinal lecithin (containing acid) 

Incubated without enzyme 404 (182)* (0) (31) 
Incubated with enzyme 350 (187) 5352 (0) (26) 


Some fraction lost. 


Table 


Distribution phospholipase between lecithin ‘activating lipid’ particles 
and their suspending medium. 


Phospholipids were emulsified water and 0-1 ml. aqueous notatum extract was added. The particles were 
centrifuged for min. and 0-5 ml. supernatant was withdrawn, leaving 0-6 ml. 
fraction. Glycerol vol.) was added both fractions, which were then assayed for enzymic activity and phospholipid 
concentration. 

Percentage distribution 


Percentage distribution 
phospholipid concentration 
A. 


enzyme concentration 
A 


monophosphoinositide (0-8 


(0-39 
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Table lecithin into ether from various emulsions 
The mixed lipid was emulsified with buffer and shaken with ml. ether for min. 
Extractability 
lecithin into 
Lipid emulsified Aqueous phase 
Lecithin (2-6 ml. buffer 85-88 
buffer (pH 3-3) 
(0-44 (pH 3-6) 
inositide (0-16 (pH 
inositide (0-16 (pH 3-3) +0-83 
(1-5 pmoles) (pH 
100 
in. 16 80 (= 
lecithin 


Molar percentage cardiolipin lecithin 


Fig. Emulsions lecithin plus cardiolipin examined 
with regard susceptibility enzymic attack 
extract and extractability into ether. O—O, 
Enzymic liberation glycerylphosphorylcholine; 
lecithin extracted into ether the absence enzyme; 
lecithin extracted into ether the presence 
enzyme; lecithin extracted into ether the presence 
boiled enzyme supernatant. Lecithin 
mixed with various amounts cardiolipin was emulsified 
with ml. buffer (pH 3-6). notatum 
extract ml.) its boiled supernatant was added, 
and the tube either incubated for min. 37° or, 
alternatively, extracted with ml. ether. 


‘activating’ lipid the physical 
form the lecithin emulsion 
was often noticed that lecithin emulsion 
containing cardiolipin monophosphoinositide 
was less turbid and milky than corresponding 
emulsion prepared from pure lecithin. micro- 


Fig. Emulsions lecithin plus monophosphoinositide 


examined with regard susceptibility enzymic 
attack notatum extract and extractability into 
ether. O—O, Enzymic liberation 
choline; lecithin extracted into ether the 
presence enzyme; lecithin extracted into ether 
the absence enzyme. Lecithin mixed 
with various amounts monophosphoinositide, was 
emulsified with ml. buffer (pH 3-6). 
notatum ml.) extract was added, and the tube 
either incubated for min. 37° or, alternatively, 
extracted with ml. ether. 


scopic examination was observed that, whereas 
the lecithin emulsion consisted 
globules lipid type, that with activating lipid 
had smaller particles, often with far more 
angular and solid appearance. Such changes might 
caused the activating lipid producing 
alteration the surface properties the lecithin 
particles. Consequently, experiments were per- 
formed determine whether the activating lipid 
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caused any difference the extractability the 
lecithin from its into organic solvent 
phase such ether. Both cardiolipin and mono- 
phosphoinositide could completely alter the surface 
properties the particles ovolecithin emulsion, 
that the lecithin was longer extractable with 
organic solvents such ether (Table 8); with 
tripalmitin, the other hand, the changes were 
small nil. The changes the surface the 
lecithin particles brought about the presence 
substantially reversed the addition low con- 
centrations (Table 8), even though the 
amount the activating phospholipid present 
the lecithin was appreciably excess that 
necessary cause the alteration the particle’s 
surface. With simple emulsions lecithin plus 
cardiolipin buffer, about (on molar basis) 
cardiolipin the lecithin completely prevented 
any the lecithin’s being extracted into ether 
(Fig. 4). 

Experiments were then performed which the 
activity notatum extracts incubated with 
emulsions containing lecithin plus various amounts 
monophosphoinositide cardiolipin was com- 
pared with the extractability these emulsions 
into ether. The extractability was measured both 
the absence and presence the enzyme, and also 
the addition the enzyme preparation after 
had been boiled for min. and the denatured 
protein removed centrifuging. Figs. and 
show the results such experiments; when suffi- 
cient monophosphoinositide cardiolipin 
present for activity begin, the lecithin 
extractable ether. Experiments were also per- 
formed which the emulsions were treated with 
the unboiled enzyme preparation and im- 
mediately extracted with ether. This resulted the 
extractability the lecithin the emulsions being 
substantially increased (Figs. and 5). However, 
when the boiled enzyme supernatant was used 
instead the enzyme itself, very similar results 
were obtained (e.g. Fig. 4). This indicates that this 
effect the enzyme preparation due some 
other factor the preparation other than the 
heat-coaguable protein that contains. There is, 
therefore, evidence from these results that any 
appreciable amount the 
attached the lecithin surface this agrees with the 
results obtained above when attempts were made 
show whether any enzyme was attached the 
lecithin surface direct assay with lysolecithin 
substrate. 


DISCUSSION 


There have been few isolated indications that 
phospholipases can attack mixed substrates 
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phospholipids more rapidly than the pure phos- 
pholipids themselves. Schmidt, Bessman Thann- 
hauser (1957) for example, found that phospho- 
lipase rat-intestine mitochondria attacked 
mixed substrate lecithin plus ‘kephalin’ 
rate faster than the sum its attacks each 
the individual phospholipid fractions. The 
present work, however, demonstrates that 
lecithinase present extracts notatum 
mycelium has absolute requirement for certain 
other lipids. Five lipids have been shown 
especially active promoting this latent phospho- 
lipase activity, namely cardiolipin, liver polygly- 
cerol-phospholipid, monophosphoinositide and the 
saturated triglycerides tripalmitin and tristearin. 

known that notatum extracts contain 
powerful phospholipase which can attack mono- 
acyl-phospholipids such lysolecithin, 
diacyl-phospholipids like lecithin. However, the 
present results suggest that this enzyme re- 
sponsible for the lecithinase activity notatum 
extracts promoted the addition activating 
lipids. Thus the optimum 
activity the presence cardiolipin mono- 
phosphoinositide exactly the same the 
optimum for the phospholipase the prepara- 
tion when this attacking lysolecithin. Moreover, 
both the activated lecithin attack and the phos- 
pholipase activity are powerfully inhibited 
low concentrations fluoride detergents. the 
same enzyme responsible for both the attack 
lysolecithin and lecithin, this must mean that the 
effect the activating lipid the system 
cause alteration the specificity the phos- 
pholipase The final proof this will rest the 
purification the phospholipase enzyme. Some 
success this direction has been obtained with 
ammonium sulphate fractionation, but further 
purification attempts were unsuccessful, possibly 
because the very low concentrations protein 
present the solutions. The phospholipase 
purified with ammonium sulphate was just 
effective attacking lecithin was the original 
extract. 

How that the activating lipids can promote 
lecithinase activity notatum 
extract system? The present work has clearly 
shown that maintenance the lipid structure 
the activating lipids essential for the develop- 
ment the enzymic attack. After the fatty acyl- 
ester bonds had been decomposed mild hydro- 
lysis with alkali activity could demon- 
strated. Two therefore suggested 
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possibilities 


themselves: either the lipid was playing some inter- 
mediary coenzyme role the lecithin hydro- 
lysis or, alternatively, the activating lipid was 
causing some physical change the system which 
allowed the active centre the enzyme and the 
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lecithin come into correct relationship with one 
another for satisfactory hydrolysis. evidence 
could obtained for the first alternative. 
expected that the mechanism the activa- 
tion were coenzyme type, either there would 
transfer the ‘liberated’ fatty acids from the 
lecithin the structure the activating lipids, 
there would breakdown activating lipid 
the presence the enzyme. transfer the 
fatty acids from lecithin monophos- 
phoinositide could demonstrated the presence 
the enzyme, nor could any attack the enzyme 
the activating lipids, cardiolipin tripalmitin, 
detected. Monophosphoinositide undoubtedly 
decomposed the enzyme preparation, but 
likely that this has connexion with the activa- 
tion phenomena; indeed subsequent work, which 
will reported elsewhere, has indicated that the 
phospholipase pancreas attacks monophos- 
phoinositide similar way but possesses 
equivalent ‘activated’ lecithinase activity. 

the other hand, there are number experi- 
mental indications that the activating lipids cardio- 
lipin and monophosphoinositide can cause pro- 
found changes the surface the lecithin particle 
aqueous emulsion. This results large 
decrease the extractability the lecithin into 
organic lipid solvents such ether, light petroleum 
chloroform, and physical change the 
appearance the lecithin particles when they are 
viewed microscopically. these changes can 
brought about very small molar percentages 
activating lipid, e.g. less than 
seems likely that these lipids are orientated the 
surface the lecithin particle with their fatty acid 
residues the inside and their more polar groups 
the outside. 

suggested that before the enzyme can 
attack the lecithin particles necessary for the 
particle become substantially covered with such 
polar groups, resulting complete change the 
characteristics its surface. Such postulate 
would explain the peculiar feature the leci- 
thinase activity whereby certain concentration 
activating lipid the emulsion necessary before 
hydrolysis occurs. The non-extractability the 
lecithin particles into ether suggests that such 
point its surface has been substantially covered 
the polar groups the activating lipid. The in- 
hibitory effects calcium the enzymic activity 
explained its action masking these 
polar groups the surface the lecithin. That 
such masking does occur has been demonstrated 
the effects ions reversing the extract- 
ability changes brought about the presence 
monophosphoinositide cardiolipin the lecithin. 
has inhibitory effect the lysoleci- 
thinase activity the 
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measured with the water-soluble lysolecithin 
substrate. 

and anionic detergents have effect 
lipin that they prevent the extraction lecithin 
from aqueous emulsions into ether. However, such 
detergents are potent inhibitors the enzymic 
activity the preparation towards lysolecithin, 
and this probably explains why they not pro- 
mote lecithinase activity the preparation. 

One difficulty accepting the theory that 
surface changes the lecithin particle are 
responsible for the promotion 
activity that tripalmitin, which promotes 
enzymic activity, brings about only slight re- 
duction the extractability the lecithin into 
ether. must remembered, however, that the 
promotion enzyme activity considerably 
lower order than that produced cardiolipin 
monophosphoinositide and different 
optimum pH. Further, not expected that 
there would necessarily direct correlation 
such phenomena the extraction lecithin 
particles into organic solvent and 
surface changes necessary for promoting enzymic 
hydrolysis the lecithin. That tripalmitin may act 
similar mechanism suggested the 
necessity large threshold concentration before 
activity commences, the fact that the actions 
tripalmitin plus either cardiolipin monophos- 
phoinositide are additive promoting hydrolysis, 
and also the observation, that the lecithinase 
activity promoted tripalmitin inhibited 


SUMMARY 


Penicillium notatum can hydrolyse lecithin 
and free fatty acids, 
certain activating lipids are added the system. 

Cardiolipin, liver polyglycerolphospholipid 
and monophosphoinositide were the most effective 
activating lipids; tripalmitin and tristearin were 
less effective, and certain fatty acids showed very 
low activity. All other lipids and non-lipid sub- 
stances tried were ineffective. 

certain threshold concentration acti- 
vating lipid was necessary before lecithin hydro- 
lysis began. However, lecithin attack occurred 
two activating lipids were added just below their 
individual threshold concentrations. 

Optimum lecithinase activity occurred 
when either cardiolipin monophos- 
phoinositide was used the activating lipid, and 
4-2 when tripalmitin was used promote 
lecithin hydrolysis. 

The promoted activity was 
strongly inhibited bivalent-metal ions such 
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Mg?+ These did not inhibit 
lysolecithin hydrolysis the enzyme preparation. 

Fluoride completely inhibited promoted leci- 
thinase activity and lysolecithin hydrolysis 
and inhibition was still apparent 
0-41 

Splitting the acyl fatty-ester bonds the 
activating lipids cardiolipin monophosphoino- 
sitide mild alkaline hydrolysis resulted 
complete loss the ability promote lecithin 
hydrolysis. 

Monophosphoinositide (but not cardiolipin 
tripalmitin) was hydrolysed the enzyme pre- 
paration and this attack was inhibited lecithin. 

transfer fatty acids from lecithin 
labelled with acid monophosphoino- 
sitide could demonstrated the presence the 
enzyme preparation. 

10. The activating lipids caused detectable 
precipitation phospholipase the surface 
the lecithin particles, measured the lysoleci- 
thinase activity the particles and supernatant. 

11. Small quantities cardiolipin and mono- 
phosphoinositide completely changed the surface 
character lecithin particles aqueous emulsion, 
that the lecithin became longer extractable 
into organic solvents such ether. 

12. The promotion lecithinase activity 
concentration which the surface the lecithin 
particle had changed that had become sub- 
stantially non-extractable into ether. Both the 
surface change and the enzymic activity could 
prevented the addition ions. 

13. suggested that cardiolipin and mono- 
phosphoinositide promote lecithin hydrolysis 
notatum phospholipase preparations 
introducing the surface the lecithin particles, 
certain polar groups which are necessary for the 
enzymic attack. 
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Metabolism Some w-Halogenoalkylbenzenes and 
Related Alcohols the Rabbit 


Department Physiology, The Medical School, University Birmingham 


(Received April 1958) 


study the metabolism the rabbit the 
nineteen members the chloromononitrobenzene 
series (summarized Bray, James Thorpe, 
and the other monohalogenonitroben- 
zenes (Bray, James Thorpe, 1958) showed that 
aromatic compounds this type the halogen 
often sufficiently labile give rise metabolites 
which the halogen replaced another group 


such acetyleysteyl hydroxyl. 
dehalogenation, fact, sixteen out 
twenty-eight compounds examined. five the 
compounds the nitro group was replaced instead 
the halogen and only seven the compounds 
failed yield mercapturic acids. Although forma- 
genation nuclear-substituted aromatic com- 
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pounds had not been previously observed, Stekol 
(1938, 1939, 1941) had shown that mercapturic 
acids could formed replacement halogen 
the aliphatic side chain benzyl chloride and 
bromobenzyl bromide. was, therefore, in- 
terest discover whether 
ation occurred other w-halogenoalkylbenzenes 
and purely aliphatic alkyl halides (for the latter 
see Thomson, Maw Young, 1958; Bray James, 
1958). The results the experiments described 
the present paper the metabolism some un- 
substituted w-bromoalkylbenzenes and some para- 
substituted benzyl chlorides suggest that all the 
halogeno compounds examined, with the possible 
exception p-methoxybenzyl chloride, form 
mercapturic acids acetyleysteyldehalogenation. 
Since benzyl could intermediate pro- 
ducts the metabolism the benzyl chlorides 
some aspects the metabolism these alcohols 
have also been examined. 


MATERIALS 


All melting points are uncorrected. Elementary micro- 
analyses (except Br) were carried out and Pascher, 
Bonn. 

3-Bromopropylbenzene, b.p. 115° (12mm.), was prepared 
solution (Found: Br, 39-0. Cale. for C,H,,Br: Br, 

4-Bromobutylbenzene, b.p. 135-140° was 
obtained the action 70% (w/v) HBr methyl 
phenylpropyl ether which was prepared Grignard re- 
action from 3-bromopropylbenzene 
methyl ether (Braun Deutsch, 1912) (Found: Br, 37-3. 
Cale. for Br, 

chloride, b.p. 110-120° (12 mm.), was 
solution (Found: Cl, 21-7. Cale. for Cl, 
22-7%). 

chloride, m.p. 99°, was obtained 
the action HCl gas chloride and trioxan 
the presence ZnCl, (Sabetay, 1931). 

alcohol, m.p. 76°, was prepared re- 
fluxing chloride with ten times its weight 
water for hr., extracting the product with ether and re- 
from (v/v) aqueous ethanol. 

p-Acetamidohippuric acid, m.p. 
amidobenzoic acid, m.p. 261°, were prepared acetylation 
the corresponding amino acids with acetic anhydride. 

p-Nitrohippuric acid, m.p. 131°, was prepared according 
(1894) (Found: 12-4. Cale. for 
p-Chlorohippuric acid, m.p. was biosynthetic 
specimen (Bray, Clowes, Thorpe, White Wood, 1952a). 

Phenaceturic acid, m.p. 143°, was prepared from phenyl- 
acetyl chloride and glycine. 

were prepared modification the 
method Suter (1895). For example, benzyl chloride 
was mixed with solution L-cysteine hydro- 
chloride g.) (50 ml.), and ethylene glycol 
monomethyl ether The mixture was shaken 
mechanically until more crystals separated. The crystals 
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were collected, washed with ether and recrystallized from 
50% (v/v) aqueous ethanol. Yields were 40-60% the 
theoretical. had m.p. 221° (cf. 
Vigneaud, Wood 1939). 
cysteine formed colourless plates, m.p. 202°, 
(c, 1-0) (Found: 48-8; 5-6; Cl, 
formed pale-yellow needles, m.p. 196°, 
requires 46-9; 4-7; 10-9; 12-5%). 
formed colourless plates, m.p. 231°, 
+26+3° (c, 0-69); light-absorption 
max. (Found: 57-3, 57-2; 6-2, 6-4; 
6-4, 6-2; 14-7, 15-1. Cale. for 58-6; 
6-7; 6-2; This compound probably contained 
small amount persistent impurity. When was 
acetylated for preparation the mercapturic acid small 
amount oil separated from the reaction mixture. The 
impurity could not removed and the melting point could 
not altered many recrystallizations. The compound 
yielded mercapturic acid which gave satisfactory 
elementary analysis. Armstrong Lewis (1951) give m.p. 


stated) for 
cysteine formed colourless plates, m.p. 236°, 
(c, 0-7); light-absorption max. 
260 250), min., 240-242 (Found: 60-6; 7-3; 
Armstrong Lewis (1951) give m.p. 
224° (decomp.) and but the solvent used not 
clearly stated. 

The mercapturic acids were prepared acetylation 
the corresponding the method 
Zbarsky Young (1943). 
had m.p. 146° (cf. Vigneaud al. 1939). N-Acetyl-S-(p- 
formed colourless needles, m.p. 
111°, 96% (w/v) ethanol (c, 1-0); light- 
absorption max. 277 8900) (Found: 
equiv. 292. requires 50-1; 4-9; 4-9; 
Cl, equiv. 288). N-Acetyl-S-(p-nitro- 
benzyl)-L-cysteine formed pale-yellow prisms, m.p. 132°, 
96% (w/v) ethanol (c, 1-0); light- 
absorption max. 280 9400) (Found: 
48-8; 4:8; 10-4%; equiv. 289. 
formed colourless elongated 
plates, m.p. 128°, ethanol (c, 0-25); 
light-absorption max. (Found: 58-0; 
58-4; 6-4; 5-2; equiv. 267). N-Acetyl-S-(3- 
formed colourless elongated plates, 
m.p. 144°, ethanol (c, 0-5); light-absorption 
max. 260 326), min., 245 (Found: 60-0; 

The other compounds used were purchased. 


METHODS 


Diet and dosage. The rabbits and diet were previously 
described (Bray, Ryman Thorpe, 1947). The compounds 
were administered stomach tube suspensions water 


(decomp.) and (solvent not clearly 
| 
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dose levels g./kg. toxic symptoms were 
observed, except with benzyl bromide and 
benzyl chloride, which caused prolonged anorexia and 
sometimes death. 


Determination metabolites 


The methods for ethereal sulphate, glucuronic acid, 
reducing material and amino compounds were used 
Bray, James Thorpe (1956). acid was 
determined described Bray, Neale Thorpe (1946). 

Mercapturic acids. These were determined the modi- 
fication the method Stekol (1936) described Bray 
al. (1956), and modification the method 
Grunert Phillips (1951) for glutathione blood. The 
latter method generally applicable mercapturic acids 
which the cysteyl group attached aliphatic 
grouping. The reaction not, however, given 
ated S-substituted cysteines. Tae procedure follows. 

Urine diluted necessary contain not more 
than mercapturic acid. The diluted urine ml.) 
and (0-5 ml.) are heated together boiling- 
water bath for hr. test tube fitted with ‘cold finger’ 
reduce evaporation. The mixture cooled and 0-9 ml. 
0-6 ml. acid (17-6%, w/v) 
and solid NaCl are added and well shaken saturate 
with the NaCl. When the undissolved NaCl has settled, 
containing saturated NaCl and sodium 
added, followed ml. freshly prepared sodium 


nitroprusside (2%, w/v). Immediately after mixing, the 
pink colour measured with EEL photoelectric 
colorimeter (Evans Electroselenium Ltd.) with green filter 
625. Standards for the calibration curve were prepared 
dilution solution the appropriate mercapturic acid 
water with addition the minimal amount 
NaOH). The standards were hydrolysed and treated 
described above. The base-line values obtained for normal 
rabbit urine, expressed 
did not exceed mg./24 hr. This method gave results 
good agreement with those obtained with the modified 
Stekol procedure. The percentage recoveries (+5%) 
mercapturic acids added urine are given below. Deter- 
minations the nitroprusside method are indicated 
(A) and those the modified Stekol method (B); for 
brevity only the radical the precursor given. Benzyl 
(A) 76, (B) 89; (B), 155; p-nitrobenzyl (B), 
156; phenethyl (B), 84; 3-phenylpropyl (A), 68. For 
determinations where the synthetic mercapturic acids were 
not available, results were calculated the basis 
recovery (see Takle 2). The recoveries over for the 
p-chloro- and p-nitro-benzyl derivatives could explained 
uptake iodine into the benzene ring. 

conjugates. The method Bray al. (1952a) was 
used. Mercapturic acids give ninhydrin colour under the 
conditions this method. The apparent glycine results 
the p-chloro and p-nitro derivatives added normal 
rabbit urine were 315, 313, and 326 respectively. Those 
from and N-acetyl-S-(3- 
were 373 and 225 yg. respectively. 


Table Paper chromatography some possible acidic metabolites w-halogenoalkylbenzenes 


Solvent mixtures, times run and method Whatman no. paper: butan-2-one saturated with soln. (cf. 
Williams, 1957) (18 hr., descending); soln. (sp.gr. (10:10:4:1, vol.) 
(Long, Quayle Stedman, 1951) (18 hr., acid--water (1:1:2, vol.) (18 hr., 
chloroform sat. with 98% formic acid (Gaffney, Schreier, DiFerrante Altman, 1954) hr., ascending). Detecting 
reagents: p-dimethylaminobenzaldehyde acetic anhydride (10%, w/v), followed drying the paper 50° and then 
heating 120° for min. (cf. Gaffney al. 1954; Masry al. aqueous solution 8-hydroxyquinoline sulphate 
(0-7%) and (0-5%), spots viewed ultraviolet light (Pesez Ferrero, 1957). Colours spots: absorbs; 
green; magenta; orange; yellow. the time run stated the distances travelled the solvents and 
were greater than the length the paper (48 cm. from starting line). The rates movement were, therefore, related that 
hippuric acid; the quotient (distance travelled compound)/(distance travelled hippuric acid). For 
acid see Table 

Colour with 
solvent mixture detecting reagent 


solvent mixture 


Benzoic acid 1-90 0-81 
Phenylacetic acid 1-2] 0-81 
Hippuric acid 1-00 1-00 0-78 0-74 
Phenaceturic acid 1-16 1-45 0-74 0-90 
p-Methoxyhippuric acid 1-08 1-10 0-84 0-80 
p-Chlorohippuric acid 1-98 1-90 1-00 
p-Nitrohippuric acid 2-03 0-69 0-83 0-35 
p-Aminohippuric acid 0-49 0-00 0-65 0-00 
p-Acetamidohippuric acid 0-32 0-00 0-03 
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Paper chromatography 


Solvent mixtures, details application and detection, 
and and values reference compounds for acidic 
metabolites are given Table For mercapturic acids, 
solvent mixture was the most convenient. The paper was 
dried 50° until excess NH, had been removed and then 
sprayed with the 8-hydroxyquinoline reagent (see Table 
For phenols, the solvent mixture was 
water (2:2:1, vol.) and the detecting reagent was 
FeCl, diazotized p-nitroaniline. 


Isolation and detection metabolites 


Urines were acidified with HCl and con- 
tinuously extracted with ether for hr. The extract was 
shaken with sat. aqueous NaHCO,. The ether extract 
provided the phenolic, fraction (UP). The aqueous phase 
H,SO,. some experiments the mercapturic acid separ- 
ated this stage and was removed. The acid solution (or 
filtrate mercapturic acid separated) was continuously 
extracted with ether for hr. The ether-soluble material 
(fraction UA) was examined for metabolites fractional 
crystallization and paper chromatography. Sub- 
stituted benzoic and hippuric acids were separated 
extraction with toluene (cf. Bray al. 1947). With com- 
pounds which caused increase excretion ethereal 
sulphate and ether glucosiduronic acid, the urine left after 
the first extraction with ether was hydrolysed refluxing 
for hr. with equai volume 10N-H,SO, and then re- 
extracted with ether for hr. The ethereal extract was 
shaken with sat. aqueous NaHCO, remove phenolic 
acids. The ether extract (fraction HP) contained neutral 
phenols liberated the hydrolysis. The aqueous layer 
extracted with ether (fraction HA). Unless stated other- 
wise, compounds isolated detected paper chro- 
matography were identified comparison with authentic 
specimens. 

Detailed comment necessary only for the isolation 
p-acetamidobenzoic acid (Table from the urine 
rabbits dosed with p-nitrobenzyl chloride. Yellow needles, 
m.p. 252°, were obtained from urine fraction (the 
mercapturic acid had been separated acidification 
described above). The melting point was not changed 
recrystallization from 50% (v/v) aqueous ethanol. The 
material was refluxed with for and the 
solution was then evaporated dryness. The residue was 
triturated with few millilitres water and filtered. The 
insoluble material was recrystallized from (v/v) 
aqueous ethanol give pale-yellow plates, m.p. 238°, 
identified p-nitrobenzoic acid. The filtrate was evapor- 
ated dryness and acetylated with acetic anhydride, the 
excess which was removed warming the reaction 
mixture with methanol. The mixture was evaporated 
dryness and the residue after recrystallization from aqueous 
ethanol gave colourless plates, m.p. 261°, identified 
acetamidobenzoic acid. was concluded that the original 
material m.p. 252° was complex p-nitrobenzoic and 
p-acetamidobenzoic acids. Repeated crystallization 
equimolecular mixture authentic samples the two 
acids yielded each stage yellow needles, m.p, 252°, 
identical with those isolated from urine. 
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RESULTS 


The average daily excretions normal metabolites 
the rabbits used were similar those found 
previously (cf. Bray, Hybs, James Thorpe, 
1953; Bray al. 1952a). The results obtained from 
quantitative analysis the urines dosed rabbits 
are summarized Table which shows that large 
percentage the dose the compounds examined 
was excreted ether-soluble acid. All the halides, 
with the possible exception p-methoxybenzyl 
chloride, yielded mercapturic acids, but signifi- 
cant amounts were formed from the alcohols, from 
which the percentage the dose excreted 
glycine conjugate was correspondingly greater. 
Phenethyl bromide, 3-bromopropylbenzene and 
4-bromobutylbenzene form larger amounts 
acid than any the compounds 
except p-methoxybenzyl alcohol. The difference 
between the value for ether-soluble acid and the 
sum the values for acid, glycine 
conjugate and, where ether-soluble, glucosiduronic 
acid presumably mainly accounted for the 
excretion unconjugated acids, e.g. there would 
appear large excretion p-chlorobenzoic 
acid from chloride and alcohol, 
p-methoxybenzoic acid from p-methoxybenzyl 
alcohol and p-nitrobenzoic acid from p-nitro- 
benzyl chloride and alcohol. This supported 
isolation these acids from the urines (Table 3). 
Included the ether-soluble acid from the nitro 
compounds was acid and 
aminobenzoic acid (Tables Only 
bromide, 3-bromopropylbenzene and 4-bromo- 
butylbenzene caused large increase the ex- 
cretion ethereal sulphate. From column 
Table can seen that when complete analyses 
were possible the percentages the dose accounted 
for are satisfactory except for alcohol, 
the fate third which unexplained. may 
relevant that Bray al. (1946) could account for 
acetamide under similar 


Metabolites isolated detected 


The metabolites isolated and the yields obtained 
are listed Table The yields were such might 
have been expected from the results quanti- 
tative analyses (Table 2). Some other metabolites, 
detected paper chromatography, are listed 
Table Spots corresponding benzoic, hippuric, 
and acids 
were observed, but the same spots could ob- 
tained from urines undosed animals. Phenolic 
metabolites not found normal rabbit urine were 
detected urine fraction from phenethyl 
bromide, 3-bromopropylbenzene and 4-bromo- 
butylbenzene. The spots, however, were not 
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Table Metabolites isolated from urine rabbits given w-halogenoalkylbenzenes and related alcohols 


Urines were pooled from the number rabbits indicated. many experiments unsubstituted benzoic acid and 


hippuric acid were isolated amounts greater than those usually isolated from normal urines. The fluctuations the 
yields these acids large-scale isolation procedures was such that not justifiable attribute the difference between 
the yield obtained and the mean yield from normal urine benzoic acid hippuric acid formed metabolite the 
compound administered, especially the amounts were well below the total amounts normally excreted undosed 


rabbits. These yields have not, therefore, been recorded. indicates that none was isolated and that such metabolite 


would not formed. 


Dose 
Compound administered (mg./rabbit) 

chloride 550 
alcohol 700 
chloride 500 
alcohol 700 
chloride 500 
alcohol 700 
chloride 500 
alcohol 550 
chloride 500 
Benzyl bromide 560 
Phenethyl bromide 650 
3-Bromopropylbenzene 640 
4-Bromobutylbenzene 650 


Yield metabolite isolated dose) 


Substituted Substituted 

No. benzoic hippuric Mercapturic 
rabbits acid acid acid 

18* 

Phenylacetic Phenaceturic 
acid acid 

2-5 


10% p-nitrobenzoic acid and p-acetamidobenzoic acid. 


Terephthalic acid dose) was isolated. 


Table Metabolites detected paper chromato- 
graphy the urine rabbits given w-halogeno- 
alkylbenzenes and related alcohols 


and values and properties the spots agreed with 
those the authentic compounds used reference com- 
pounds and given Table The metabolites were detected 
urine fraction (for preparation see Methods). Meta- 
bolites which were also identified isolation (see Table 
have been omitted. The solvent mixtures and methods used 
are described Table butanol saturated with water 
ascending) was used for p-aminobenzoic acid 
which was detected diazotizing and coupling with 
dihydrochloride. 


Metabolite detected 


p-Nitrohippuric acid 
p-Aminobenzoic acid 


Compound administered 
chloride 


alcohol p-Nitrohippuric acid 
p-Methoxybenzoic acid 
p-Methoxyhippuric acid 


chloride 


bromide Phenaceturic acid 


Phenaceturic acid* 


L-cysteine 


3-Bromopropylbenzene 


4-Bromobutylbenzene Phenaceturic acid 


The amount phenaceturic acid was smaller than 
that from phenethyl bromide 4-bromobutylbenzene. 
None was detected similar extracts urine from undosed 
animals, 


discrete and the lack suitable reference com- 
pounds prevented identification these meta- 
bolites. 

The large proportions doses the three 
higher w-bromoalkylbenzenes excreted 
siduronic acid and ethereal sulphate indicate that 
these compounds form phenolic metabolites 
readily they form acidic metabolites. exami- 
nation the distribution non-ionic bromine 
fractions urine from rabbits given 3-bromopro- 
pylbenzene suggests that the main phenolic 
metabolite (3-bromopropyl)phenol. this 
experiment (Table the total non-ionic bromine 
found the fractions which such metabolite 
would expected, i.e. fractions UP, and HP, 
corresponds 49% the dose. The mean ex- 
for the rabbits used for the results Table was 
63% the dose. Thus about 80% the gluco- 
siduronic acid+ethereal sulphate appears 
associated with non-ionic bromine. This suggests 
that (3-bromopropyl)phenol major meta- 
bolite. The possibility that 
contributes the glucosiduronic acid 
discussed below. The correspondence between the 
non-ionic bromine fraction (equivalent 
the dose) and the mean ethereal sulphate 
excretion rabbits given 3-bromopropylbenzene 
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(20% dose, Table suggests that the ethereal 
which sufficiently labile hydrolysed when 
kept for 24hr. during the continuous 
extraction the urine with ether. From the urines 
rabbits dosed with phenethyl bromide and 
bromobutylbenzene the fractions which ab- 
normal phenolic metabolites were detected gave 
positive tests for non-ionic bromine, that 
reasonable conclude that all three w-bromo- 
alkylbenzenes yield w-bromoalkylphenols meta- 
bolites. 
Lability the halides 


Since consideration the results this investi- 
gation facilitated some knowledge the 
relative lability the halogen each compound, 
the lability towards dilute NaOH 37° and water 
100° was examined for several halogeno com- 
pounds. The results are summarized Table 
the experiments with NaOH (column A), 
ethanol was added that the halides were 
solution the beginning the experiment. 


DISCUSSION 


This study has shown that several aromatic com- 
pounds which have chlorine bromine substituted 
the end aliphatic side chain can yield 
mercapturic acids the rabbit. This was expected 
the chlorides since the chlorine atoms are 
relatively very labile (Table 6), and Stekol (1938, 
1939, 1941) found that benzyl chloride and 
bromobenzyl bromide formed large amounts 
mercapturic acid. Table shows that there 
fair correlation between the percentage the dose 
converted into mercapturic acid and the lability 
the halogen p-methoxybenzyl chloride and 
benzyl bromide, which are unstable that there 
doubt about the amount absorbed (see 
below), excluded. exact correlation would 
not expected since all the compounds are 
readily metabolized other pathways. Those 
leading the excretion benzoic phenaceturic 
acid, particular, will compete directly with the 
formation acid, since the use 
both pathways depends primarily upon the dis- 
placement the halogen atom. The conditions 
selected for determination the labilities for 
Table were relatively mild and were designed 
reveal the relative mobilities the compounds 
under investigation. They were not sufficiently 
drastic, for example, reveal the lability the 
chlorine atoms 2:4- and 3:4-dichloronitrobenzene. 
Both these compounds form large amounts 
acid (Bray, James Thorpe, 1957a) 
but they neither form rapidly eliminated benzoic 
acids nor are they extensively hydroxylated, 


Table Distribution non-ionic bromine, gluco- 
siduronic acid and ethereal sulphate fractions 
the ether-soluble material urine after administra- 
tion 3-bromopropylbenzene rabbits 


The pooled urine three rabbits was extracted with 
ether and fractionated described the Methods section. 
bromine was determined the Carius method. 
The mean values for glucosiduronic acid and ethereal 
sulphate for the separate unfractionated urines three 
rabbits were and 20% dose respectively (Table 2). 
Values given below are the means duplicate determina- 
tions which were close agreement. None the fractions 


contained halide ions. 
Glucosid- Non-ionic 
uronic acid 
Ether-soluble fraction dose) dose) 


Unhydrolysed urine 


Hydrolysed urine residue 
(conjugated phenolic acid) 
Table Lability halogen some organic 


halogeno compounds 
| 
For column the compound (0-15 final was 
kept ethanol ml.) and (25 ml.) 37° for 
hr.; the excess alkali was titrated with 
For column the compound was boiled with water under 
reflux for 0-5 hr. and then titrated with The 
results given are means duplicate determinations. 
Mercapturic acid values are from Table unless indicated 


otherwise. 


Percentage 
Decomposition dose con- 
verted into 
mercapturic 
Compound acid 
chloride 
Benzyl bromide 100* 
3-Bromopropylbenzene 
4-Bromobutylbenzene 
1-Bromobutane 
2:4-Dichloronitrobenzene 53|| 
3:4-Dichloronitrobenzene 


benzyl chloride had been decomposed. 

This compound very unstable and rapidly decom- 
poses when mixed with water room temperature. 

Calculated total Cl. Both groups appear 
labile vivo since terephthalic acid metabolite (see 
Table 3). 

Unpublished result. 
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that there relatively little competition against 
acid formation. 

While there reason suppose that consider- 
able amounts p-methoxybenzyl chloride and 
benzyl bromide lose halogen before absorption (see 
below), there evidence that this occurs any 
considerable extent with the other halogeno com- 
pounds examined. The halogen these com- 
pounds much more stable than the two com- 
pounds mentioned (see Table and furthermore 
the results obtained administration the 
corresponding alcohols were very different from 
those obtained with the halogeno compounds. 
seems, therefore, reasonable conclude that 
least the greater part these halogeno compounds 
absorbed unchanged. 

The quantitative results Table show that the 
main metabolic pathways followed unsub- 
stituted p-chloro- and p-nitro-benzyl chlorides 
lead the excretion the corresponding benzoic, 
and mercapturic acids. The 
acid formed from p-nitrobenzyl chloride 
acetyl-S-(p-nitrobenzyl)-L-cysteine; there 
evidence for the formation 
benzyl)-L-cysteine, although clear that the 
rabbit can reduce the nitro group p-nitrobenzyl 
chloride since dose was isolated 
acetamidobenzoic acid. With the three benzyl 
chlorides rapid conversion into the corresponding 
alcohols would expected, although this would 
difficult prove examination the excreted 
metabolites since benzyl alcohol itself rapidly 
converted vivo into benzoic acid (Snapper, 
Sturkop, 1925; Diack Lewis, 1928; 
Bray, Thorpe White, 1951). The effect 
administering the benzyl was examined, 
but the results (Table suggest that unlikely 
that any significant amount mercapturic acid 
formed from them. The result with benzyl alcohol 
confirms the failure Stekol (1939) detect the 
formation acid from this 
the rabbit and rat. seems likely, therefore, 
that the mercapturic acids, the corresponding 
are formed from 
benzyl chlorides directly and not the inter- 
mediate formation alcohols. 

The other main metabolites the three 
chlorides, the corresponding benzoic and hippuric 
acids, are those which would expected from the 
same metabolites are obtained from the benzyl 
alcohols, although the relative proportions doses 
converted are different since there significant 
formation mercapturic acid. Much more 
hippuric acid formed than from the correspond- 
ing benzyl chlorides. The proportion dose 
p-nitrobenzyl alcohol reduced about the same 
that chloride. similar proportion 
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Thorpe Wood, 1949). 

p-Chloromethylbenzyl chloride, although less 
labile (see Table than the three chlorides 
just considered, caused such severe anorexia that 
satisfactory quantitative results could not 
obtained and the only values which reliance 
could placed are those for mercapturic acid and 
ethereal sulphate, since the excretion ‘apparent 
mercapturic acid’ (material which after hydrolysis 
reduces iodine) undosed rabbits very low and 
constant, and there was ample excretion 
inorganic sulphate even the dosed rabbits. With 
toxic compound apparent increase excre- 
tion reducing material should not accepted 
valid evidence for formation ester glucosiduronic 
acid the absence determination the 
naphthoresorcinol method other supporting 
evidence. The available results are not incom- 
patible with the view that 
chloride metabolized similarly the three 
chlorides already discussed. The isolation small 
amount terephthalic acid (Table indicates 
that chlorine can released from both chloro- 
methyl groups. 

(Table 6). Attempts prepare are sometimes, 
fact, unsuccessful owing its spontaneous de- 
composition polymerization. complete quanti- 
tative analysis urine was not attempted since 
likely that only small proportion the com- 
pound administered absorbed.as such. cannot 
stated with certainty whether mercapturic acid 
formed not. point interest the results 
administering the corresponding alcohol the 
very high excretion (49 dose) ester glucosid- 
acid (Table 2). Bray, Craddock Thorpe 
(1955) found that 57% acid 
was excreted ester acid and 
glycine conjugate. doubtful whether the 
difference between the naphthoresorcinol and the 
reducing values (4% dose) should taken 
experimental error indication the 
excretion ether glucosiduronic acid. The fact 
that the excretion ethereal sulphate was not 
increased, however, makes unlikely that any 
significant demethylation p-methoxybenzyl 
alcohol occurs. Bray al. (1955) found 
evidence for the demethylation p-methoxy- 
benzoic acid. 

might have been expected that benzyl bro- 
mide would yield results similar those from 
benzyl chloride. The bromide is, however, more 
labile (Table 6), and more toxic than the chloride. 
shown Table satisfactory quantitative 
results could obtained only for mercapturic acid 
and ethereal sulphate. The lower yield mer- 
capturic acid could attributed the greater 
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lability the bromide and the formation some 
benzyl before absorption. 

For consideration the w-halogenoalkylbenzene 
series seems justifiable take the relatively non- 
benzyl chloride, rather than the toxic benzyl 
bromide, the simplest member the series. 
this series the percentage the dose converted 
into mercapturic acid decreases the chain length 
increases. The two lower members the series can 
form acids (benzoic and phenylacetic respectively) 
directly from the alcohol which would formed 
loss the halogen atom hydrolytic cleavage, 
whereas the two higher members the acids first 
formed this way would expected undergo 
finally yield benzoic phenylacetic 
acid, which can conjugated with glycine, e.g. 
for 4-bromobutylbenzene the probable pathway 
could represented 

Theoretically all four w-halogenoalkylbenzenes 
could metabolized through three pathways: 
(1) replacement the halogen the acetyl- 
group; (2) loss halogen hydrolytic 
fission and oxidation the resultant alcohol 
ultimately either benzoic phenylacetic acid; 
(3) hydroxylation the benzene ring the side 
chain. The acids from (2) could excreted such 
conjugated with glycine glucuronic acid and 
the product hydroxylation from (3), phenolic, 
could conjugated with glucuronic acid and 
sulphuric acid or, carbinol, with glucuronic acid. 
The extent which reactions (1) and (2) occur will 
influenced the lability the halogen atom 
and reaction (3) would expected occur 
greater extent the compounds which the 
halogen atom relatively stable. The summary 
the relevant data Table shows that, general, 
the findings are would expected. There 
much smaller excretion unconjugated acids 
from the two higher members since benzoic and 
phenylacetic acids are likely formed more 
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slowly when they are the product series 
reactions rather than the relatively simple 
detail that the extent glycine conjugation 
with phenethyl bromide was too small 
detected the quantitative method, especially 
phenethyl alcohol yielded 42% the dose this 
form. Phenaceturic acid was, however, detected 
paper chromatography (Table 4). the absence 
further information, possible explanation 
would that some metabolite, e.g. 
ated compound, inhibits glycine conjugation. The 
large proportion the dose apparently excreted 
unconjugated acid suggests that there lack 
acid combine with glycine. 

feature particular interest that, con- 
trast with all the other compounds examined 
Table the three w-bromoalkylbenzenes with 
more than one carbon atom the side chain cause 
comparatively large excretion ether glucosid- 
uronic acid and ethereal sulphate (see Tables 
7). reasonable conclude that these are 
mainly conjugates phenols since, although 
hydroxyalkylbenzenes form non-reducing glucosid- 
uronic acids (Smith, Smithies Williams, 1954), 
ethereal sulphate formation restricted phenolic 
compounds and, considerable amount 
ethereal sulphate formed phenol, would 
unusual find that much the phenol not also 
conjugated with acid (Bray, Thorpe 
White, There are many phenols ‘which 
could formed from w-bromoalkylbenzenes 
hydroxylation. From 3-bromopropylbenzene, for 
phenol acid might formed. 
Even assumed that the group 
ortho—para-directing there are eight phenols which 
could sought among the metabolic products 
3-bromopropylbenzene. The experiment recorded 
Table however, makes probable that the 
predominant phenolic metabolite 3-bromo- 


The values are based the mean values given Table Unconjugated acid calculated from the difference the 


Table Excretion metabolites w-halogenoalkylbenzenes 


values for ether-soluble acid and the values from column Table The extent hydroxylation taken the sum 


Percentage dose converted into 


A. 


my 
Hydroxylated Relative 
Benzoic phenylacetic lability 
Compound acid Conjugated Unconjugated phenols) (see Table 


This value has not been corrected, see Table 


The value 8%, corresponding copper-reducing material (ester glucosiduronic acid), has been deducted. 
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does not, however, exclude the possibility that some 
the glucosiduronic acid formed that 
bromomethylearbinol formed hydroxylation 
the side chain (see below). already stated, 
reasonable assume that w-bromoalkylphenols 
are also the main phenolic metabolites phen- 
ethyl bromide and 4-bromobutylbenzene. 

The identification phenaceturic acid 
metabolite 3-bromopropylbenzene requires com- 
ment since the expected product 
would benzoic acid. The amount formed was 
very small but this acid could not detected 
urines undosed rabbits. Masry, Smith 
Williams (1956) also found acid 
normal rabbit urine. This suggests that 
oxidation, presumably 3-bromopropylbenzene, 
occurs small extent, i.e. 

Masry al. (1956) observed that 
benzene the rabbit yielded products 
oxidation (benzylmethylearbinol and 
ketone), although they found that both these 
compounds yielded benzoic acid the rabbit and 
they did not detect acid meta- 
bolite any the three compounds. 


SUMMARY 


The metabolism nine w-halogenoalkyl- 
benzenes and five related alcohols has been studied 
the rabbit. 

The chief metabolic products excreted after 
administration benzyl chloride, p-chloro- and 
p-nitro-benzyl chloride were the corresponding 
acids, hippuric acids 
acids; little conjugation with glucuronic and 
yielded the same metabolites except that 
significant amounts mercapturic acid were 
excreted; 14% the dose benzyl alcohol was 
excreted conjugated with glucuronic acid. 

bromide caused such severe anorexia that satisfac- 
tory quantitative results could not obtained. Both 
compounds yielded mercapturic acids. p-Methoxy- 
benzyl chloride was too unstable give satisfac- 
tory results. alcohol was excreted 
ester-type acid (50% dose), 
p-methoxyhippuric acid and p-methoxybenzoic acid. 

benzene and 4-bromobutylbenzene the proportion 
dose excreted mercapturic acid decreased 
the chain length increased. The 
members, but not phenethyl bromide, yielded 
20-30% the dose glycine conjugates. All 
three were excreted considerable extent 
ether-type glucosiduronic acid and ethereal sul- 
phate and there evidence that 
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phenols may major metabolites these com- 
pounds. 


for assistance with the quantitative analyses. 
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The Structure and Metabolic Properties Tissue Preparations 
from Schistocerca gregaria (Desert Locust) 
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This work part survey the sedimentation 
characteristics and metabolic properties mito- 
chondria isolated from wide variety animal 
species. The desert locust (Schistocerca gregaria) 
was chosen representative the class Insecta 
because its large size, and also because many 
individuals could obtained one time from 
standard populations. 

The only comparable work the metabolic 
processes isolated locust tissues that Rees 
(1954), who used homogenates and particulate 
preparation from the combined thorax and 
appendages Locusta migratoria (the Moroccan 
locust). These preparations oxidized tricarboxylic 
acid-cycle intermediates and carried out oxidative 
phosphorylation under suitable conditions. 

the present work three tissues were selected 
for study: the nervous tissue the head, the 
muscle from the thorax and legs, and the fat body. 
The latter organ was used because some 
respects similar the liver vertebrates (Wiggles- 
worth, 1950; Kilby Neville, 1957). 

This paper records methods preparing mito- 
chondrial suspensions and gives comparison 
the rates oxidation «-oxoglutarate and suc- 
cinate different tissue preparations simple 
standard medium without the addition co- 
factors. The concentrations glutamic acid and 
acetylcholine were measured particles from the 
head, and some observations were made the 
choline acetylase activity these particles. Some 
properties isolated pigment granules from the 
integument have also been investigated. 


MATERIALS AND METHODS 


Care insects. Immature adult male and female insects 
were obtained from the Anti-Locust Research Centre, 
London, about days after the final moult, and were 
either used once fed fresh grass and kept 
days 28°. Occasionally insects were obtained from the 
Department Entomology, Oxford. 

Preparation homogenates. All dissections were carried 
out cracked ice and subsequent operations were per- 

Homogenizing media. These were 
sucrose containing dried human serum supplied 


for transfusion purposes and The media were 
propane-1:3-diol before use. 

Thorax and leg homogenates. The head, appendages and 
abdomen were removed from the thorax each insect with 
scissors. The thorax was cut open along the mid-dorsal 
line and the gut removed. For the preparation the 
thorax and appendage homogenates, each tissue was cut 
finely with scissors and homogenized with vol. ice- 
cold medium tightly fitting stainless-steel homogenizer 
the type (working volume, ml.). The 
pestle was moved and down seven times, revolving 
speed 2000 rev./min. 

Muscle and integument homogenates. For the preparation 
muscle homogenates and the suspensions integument, 
the muscle was removed from the thorax integument 
completely possible with small scissors and forceps. The 
muscle was homogenized above without further treat- 
ment, and the integument was treated the same manner 
as the whole thorax. To increase the amounts of material, 
the abdominal integument was combined with that 
from the thorax. For this the abdomen was cut open 
longitudinally along the mid-dorsal line, and about mm. 
the posterior end, containing the developing reproductive 
organs, was cut off. After removal the underlying tissues, 
the cleaned integument was treated the thorax integu- 
ment above. For the preparation pigment granules 
the integument was disintegrated 
jacketed blendor (MSE Nelco-10 homogenizer) for min. 
with vol. medium. 

Head homogenates. After removal the heads the mouth- 
parts were cut off and the remainder was chopped finely 
with scissors and treated the thorax above. 

Fat-body homogenates. The severed abdomen was cut 
open described above and the yellow amorphous material 
comprising the fat body was removed from either side 
the gut with pair forceps. The tissue was homogenized 
above without further treatment. 


Preparation particles 


general, the procedure adopted for each preparation 
was follows. The homogenate was diluted with vol. 
medium and the cell debris and nuclei were sedimented 
two three successive centrifugings the homogenate 
the same speed, the residue being discarded each time. The 
supernatant material was examined microscopically for 
contaminating tissue fragments every preparation. 
After the sedimentation the particles the pellet was 
washed three times with vol. fresh medium, the last 
centrifuging being done for final 
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resuspension was carried out give 100 mg. wet wt./ml. 
The homogeneity the fractions and the structure the 
particles were assessed examination sections through 
the sedimented pellets under the electron microscope. The 
sections showed the presence external limiting mem- 
brane and internal reticular structure (Witter, Watson 
Cottone, 1955). 

Thorax and integument. Cell debris and nuclei were sedi- 
mented 650g for 10min. dark-red supernatant 
fraction was obtained, consisting particles from 
diameter. These were sedimented centrifuging 
for min. Occasionally further subfractionation 
was carried out, intermediate centrifugal forces being used 
for the same length time. The final, slightly turbid, 
yellow supernatant was discarded. The wet-weight yield 
was approx. for the thorax and about for the 
integument. 

Muscle. After centrifuging 650g for the 
supernatant fraction from the muscle homogenate was 
only slightly cloudy and contained particles from 
diameter. These could sedimented when centrifuged 
for min. The final clear supernatant fluid was 
The wet-weight yield was approx. 1%. 

Head. After centrifuging the homogenate 600g for 
min. three distinct zones appeared. the bottom the 
tube there was small pellet cell debris, nuclei and 
chitin. Above this was lightly packed dark-red particu- 
late fraction and light-brown turbid supernatant fluid. 
The supernatant was poured off together with the red 
particulate layer. heavy-particle fraction 
mented from this mixture centrifuging for 
min. The supernatant fraction was decanted and light- 
particle fraction was isolated from centrifuging 
for min. The wet-weight yield the light- 
particle fraction was and the heavy-particle fraction 

Fat body. The homogenate was centrifuged 850g for 
min. and the greenish residue discarded. The particles 
were sedimented yellow pellet centrifuging 
for min. cloudy supernatant fraction from 
this centrifuging was discarded. The wet-weight yield 
was 

all preparations, except those from the head, difficulty 
was encountered removing the large quantities yellow 
fat associated with locust tissues. was removed 
completely possible from the surface the supernatant 
fractions with filter-paper strips before pouring off from the 
sedimented pellet. 


Preparation electron micrographs 
particulate suspensions 


Fixation and dehydration. The fixing medium contained 
osmic acid adjusted the osmolarity the isolation 
medium with the major osmotically active component the 
latter. small drop (approx. 0-02 ml.) the particle 
suspension was added 0-5 ml. the fixing mixture 
glass centrifuge tube. When centrifuged 650 for min., 
this was just sufficient give thin smear mm. 
diameter the bottom the tube. The drop tissue 
suspension was stirred with nylon rod for min. the 
fixing medium before centrifuging. The supernatant fluid 
was discarded and the particles were dehydrated with 
successive samples ml.) 40, 60, and 90% ethanol, 
azeotropic ethanol and absolute ethanol. The particles were 
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stirred for min. with each fluid and then centrifuged 
for 5min. 650g. The complete dehydration took 
approx. min. 

Embedding. All but approx. ml. absolute ethanol 
was removed from the centrifuge tube and ml. 50% 
n-butyl methacrylate absolute ethanol was added. The 
pellet was resuspended and left for min. After centri- 
fuging 650g for the supernatant fluid was 
discarded and the procedure was repeated with ml. 
butyl methacrylate soln. and then twice with ml. 
butyl methacrylate soln. with added catalyst (1%, w/v, 
peroxide). Most the supernatant fluid from the 
final operation was discarded. The particles were then re- 
suspended butyl methacrylate and catalyst and trans- 
ferred gelatin capsules. After mild centrifuging the 
capsules sediment the particles the resin was polymerized 
overnight 45°. 

The particles were sectioned and electron micrographs 
prepared Meek the Department Anatomy, 
University Oxford, who also supervised the embedding 
procedure. 

Analytical methods 


Measurement oxygen The incubation mixture 
contained substrate, phos- 
phate buffer, 7-4, and MgCl,. The tissue 
suspension (0-5 ml. containing about 10mg. dry wt. 
particles) was added give total fluid volume ml. 
The solute content was adjusted 0-25 osmolar with 
sucrose solution. The centre well contained 0-05 ml. 
2n-NaOH with filter paper. All additions were made with 
the vessels standing cracked ice. Incubations were 
out Warburg flasks approx. total 
volume for min. 30° with air the gas phase, and the 
rate uptake was calculated from the initial constant 
rate after equilibration period min. The results are 
expressed Qo, dry wt./hr.). 

Determinations dry weight. The dry weight homo- 
genates and particle suspensions was determined 
insoluble dry matter’, according the method Werk- 
heiser Bartley (1957). 

granules. Granules containing insectorubin, redox pig- 
ment (Goodwin Srisukh, 1950; see also Butenandt, 1957), 
could obtained from homogenates integument 
differential centrifuging. These particles changed from 
yellow pink reduction. Complete reduction in- 
sectorubin added substrate could not demonstrated 
aerobic suspension integument particles, because 
the high rate reoxidation the pigment. 

preliminary studies the reduction insectorubin 
the spectrophotometer, was bubbled through the 
suspension cuvette, but this resulted frothing and 
sedimentation the aggregated particles. overcome this 
em. glass cuvette was waxed the side cylin- 
drical glass chamber (volume ml.) with two gassing 
stoppers. emptying the contents the cuvette into 
the chamber and passing stream through, adequate 
anaerobiosis could achieved within min. 

Incubations were carried out 20° with 0-01 M-potassium 
substrate, m-mole KCl and 0-2 ml. particle 
suspension (100 mg. wet wt./ml.). The total volume was 
and the mixture had optical density approx. 
440 compared with water. The vessel was gassed 
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with and agitated constantly for min. Substrate and 
other additions were made adding them small 
volume, and regassing with each time. Optical-density 
measurements were carried out with Beckman (model 
DU) spectrophotometer adjusted most sensitive 
small changes optical density according the method 
Holton The linear decrease optical density the 
particle suspension, the insectorubin was reduced, was 
measured every 30 sec. for 5 min. at 440 mp, the wave- 
length maximum change. The rate reoxidation was 
investigated flushing the vessel rapidly with after 
measurements had been completed, and following the 
subsequent increase optical density 440 

Extraction and estimation insectorubin. The method 
Goodwin Srisukh (1950) was used. Insectorubin was 
extracted from the tissues with methanol containing 
(v/v) conc. HCl. All extracts were diluted give 
optical density 0-25 495 my, the isosbestic point the 
oxidized and reduced forms. The resultant solution con- 
tained 2-5 units insectorubin/ml. 

Extraction and estimation acetylcholine. Acetylcholine 
was extracted from the homogenates and particle suspen- 
sions modification the method Lewis Smallman 
(1956). After incubation the tissue samples, the contents 
the flasks ml.) were transferred ml. glass centri- 
fuge tubes, which were once subjected 000g 
refrigerated centrifuge for min. The clear-yellow super- 
natant liquid was poured off into test tubes and the residue 
was suspended ml. water. All tubes were heated 
boiling-water bath for sec., and, after cooling room 
temperature, 0-3 ml. 10% trichloroacetic acid was added 
each sample. The tubes were allowed remain room 
temperature for min., with occasional stirring, and were 
then centrifuged 6000g for 10min. Reference dry 
weights the tissue samples were determined the tubes 
containing the residues from the initial centrifuging. 

resins were used order remove 
substance present the incubation mixture, which behaved 
acetylcholine, but decreased the sensitivity the assay 
system. The supernatant fluids containing acetylcholine 
were put column (0-5 cm. 6-0 cm.) well-washed 
Dowex 50, form, followed with water. 
Acetylcholine was eluted from the column with ml. 
NaCl soln., and the eluent was immediately freeze- 
dried. The samples obtained could conveniently stored, 
and when required for assay the solid was dissolved 
acetylcholine chloride added the test solutions was 
achieved eluting with twice the test volume 
NaCl soln. Acetylcholine was measured the method 
Chang Gaddum (1933), with the controls suggested 
Feldberg (1942-3). 

Determination glutamic acid and ammonia. The sum 
glutamic acid and glutamine was determined the 
manometric measurement the CO, liberated the 
glutamic decarboxylase Clostridium welchii 
1948). Glutamine was calculated from the ammonia 
liberated from the amide group glutamine the same 
sample the glutaminase Ammonia was 
determined colorimetrically, after microdiffusion (Conway, 
1947), with Nessler’s reagent and reading the optical 

Lactate. This was determined the method Barker 
Summerson (1941). 
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RESULTS 


Comparison the total respiration Schistocerca 
gregaria with that isolated tissues. was thought 
desirable obtain values the total respiration 
the live insect and the endogenous respiration 
its component tissues. These results are use 
evaluating the data obtained 
studies cell-free homogenates isolated 
particle suspensions. Results are 
Table The respiration the whole insect was 
measured Warburg vessel about ml. total 
volume where flying was impossible and movement 
restricted. Any movements during the experiment 
were noted (Table and related the oxygen 
uptake over 5-min. periods. Variability the 
respiration was found only during movement and 
comparatively steady rate was obtained when the 
insect was immobile. After the experiment the 
insect was dissected into its major component 
tissues, which were suspended, whole, 
sucrose. Owing the thinness the tissues and 
the presence tracheae was thought un- 
necessary slice chop the tissues. linear rate 
oxygen uptake was measured over min., for 
each tissue. 

The sum the respiration the individual 
tissues approximately equals the respiration the 
whole resting insect (Table 1). This suggests that 
the rates obtained from isolated tissues represent 
the resting rates the intact animal. similar 


Table Comparison the total respiration 
Schistocerca gregaria with that isolated tissues 


The experiment was carried out one insect. Respira- 
tion the live insect was recorded every min. during 
three min. periods. The animal was then killed and the 
respiration the component tissues, placed 0-25m- 
sucrose, was followed for All measurements were 
carried out conventional Warburg vessels 30° with air 
the gas phase. 


Total 
uptake 
Wet wt. Qo, 
mg. 1. at 30° 
Live insect 
Active (no wing 1252 3800 
movements) 
Resting 880 
tissues 
Head 126 100 
Legs 236 102 1-9 
Wings 109 1-2 
Gut 184 4-6 
Thoracic muscle 177 126 6-9 
Integument 397 230 
Cuticle 159 
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study the snail Helix pomatia Kergut 
Laverack (1957) obtained somewhat different 
results. The resting respiration the whole animal 
was the sum the rates the isolated 
tissues. 

The greatest contribution the total oxygen 
uptake the isolated tissues was made the 
integument. The highest rates respiration were 
shown the fat body and the thoracic muscle. 
However, the integument included the cell-free 
cuticle which, wet-weight basis, made 30% 
the integument and contained 52% dry 
matter. The cuticle incubated alone had oxygen 
uptake and, after making correction for the dry 
weight the cuticle, the Qo, the integument can 
recalculated 5-2. this basis the cells the 
hypodermis are the same order activity the 
fat body and muscle. 

Effect the homogenizing medium the respira- 
tion homogenates tissues Schistocerca 
gregaria. When the flight muscle and the integu- 
ment the thorax were homogenized separately 
the endogenous respiration 
each tissue was lower than that the whole- 
thorax homogenate (62 and respectively 
that given mixed preparation). The fat-body 
homogenate showed very low endogenous respira- 
tion and lower response succinate than thorax 
muscle and mtegument (Table 2). 

The addition human serum the homogeniz- 
ing medium used above did not affect the endo- 
genous respiration the oxidation 
glutarate the whole-thorax preparations. Homo- 
genates made from the legs showed about one- 
sixth the oxidative activity the whole- 
thorax homogenate. The percentage dry weight 
both the whole thorax and legs was the same. 

Homogenates both muscle and integument 
had higher rate succinate oxidation 
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KCl than The endogenous rate 
was not altered. 

Effect the medium the respiration particle 
suspensions from tissues Schistocerca gregaria. 
When was used for the isolation and 
suspension particles from the whole thorax 
legs there was endogenous respiration but 
oxoglutarate was oxidized. Particles from the fat 
body had endogenous which was in- 
creased adding «-oxoglutarate and succinate, 
reaching maximum The Qo, «-oxoglu- 
tarate oxidation particles from the legs was 
twice that oxidation particles 
from the thorax (Table 3). The addition dried 
isolation medium (and therefore the 
medium) caused the appearance 
high rate respiration particles from the whole 
thorax and legs. was expected that lactate 
would the oxidizible substrate added greatest 
quantity the medium the serum. The amount 
lactate was measured (Barker Summerson, 
1941) and was present the incubation medium 
concentration 0-6 This quantity lactate 
would not expected give rise the increased 
respiration since the oxygen uptake when «-oxo- 
glutarate and succinate were concentration 
could not measured under the experimental 
conditions. 

Because the above stimulating effect, isolation 
particles subsequent experiments was carried 
out including serum the media. The oxidation 
«-oxoglutarate integument particles was 60% 
faster than the oxidation this substrate 
particles from the thorax muscle: and the oxidation 
«-oxoglutarate the integument particles was 
about twice fast succinate oxidation. The 
latter result contrasts with most findings mito- 
chondria from the majority tissues, where the 


Table Oxidation «-oxoglutarate and succinate tissue homogenates from Schistocerca gregaria 


Incubations were Warburg manometers approx. ml. total volume. Contents: substrate, 
potassium phosphate buffer, 7-4, MgCl,, 0-5 ml. tissue suspension mg. dry wt.), NaOH the 
centre well. Total fluid volume, ml. Flasks were incubated for min. 30° with air gas phase, and values 
calculated from the initial constant rate after equilibration period min. 


Tissue 
Whole thorax 


Homogenizing medium 
dried serum 
dried serum 


Legs 


Thoracic muscle 

Integument 

Fat body 0-25 m-Sucrose 


Succinate 
14:3 
14-9 28-0 

2-4 4-9 
9-2 14-0 
8-9 27-0 
4-1 13-5 
18-8 
1-7 2-4 
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Table Oxidation «-oxoglutarate and succinate particle suspension from Schistocerca gregaria 


Standard incubations were given Table 


Particles 
isolated from 


Homogenizing and 
isolating medium 

dried serum 

Legs 
dried serum 


Whole thorax 


2-5% dried serum 


Thorax muscle 


dried serum 


Integument 


Fat body 


Gos 
Succinate 
6-2 
5-1 12-1 
13-4 
4-0 8-9 
11-4 
3-0 7-0 


Adenosine triphosphate was added. 


usually greater than 

high rate endogenous respiration was found 
when the integument particles were isolated 
This was increased only the 
addition succinate, which compares with the 
doubling succinate oxidation the whole homo- 
genate when was the suspending 
medium. 

Comparison the endogenous respiration whole 
tissues with the endogenous respiration tissue pre- 
parations. Comparing the results Table with 
those Table can seen that the Qo, the 
whole-thorax homogenate was 
two five times high that the intact com- 
ponent tissues. The respiration the thorax- 
muscle homogenate was 30% higher than that 
the intact tissues. The values homogenates 
both legs and integument were only slightly 
higher than those the original tissues, and the 
fat-body homogenate showed only one-quarter 
the activity the intact organ. 

From Tables and can seen that the Qo, 
particles isolated from the legs 
was twice that the whole tissue from which they 
were derived. The Qo, particles from the thorax 
muscle and fat body was about 50% that the 
whole tissues. the integument, particles and 
whole tissue gave about the same Qo, value. 


Pigment granules the integument 


removal the manometers from the bath 
after incubations thorax and integument pre- 
parations, pink zone developed the bottom 
the vessels containing tissue and substrate 
standing. vessels without added substrate the 
suspension remained uniform yellow colour. There 
was microscopic difference between the particles 


either zone, and shaking the vessels the 
suspension resumed its original colour. left for 
prolonged periods the entire contents the vessels 
turned red, and shaking air the yellow colour 
returned. This indicated the presence pigment 
that can undergo reversible oxidation and reduc- 
tion. Extracted the methods Goodwin 
Srisukh (1950), the coloured material, both the 
reduced and oxidized forms, had the same absorp- 
tion spectra and the same chromatographic 
behaviour insectorubin, insect pigment that 
changes colour from yellow pink reduction 
(see Goodwin Srisukh, 1950). 

The pigment was concentrated granular 
bodies the hypodermis the intact integument. 
These particles have been described before 
Chauvin (1941) and Nickerson (1956). They were 
seen microscopically the teased-out integument 
and particulate preparations from the homo- 
genized tissue. 

The particles the integument consisted 
spherical bodies, ranging size from 0-5 
diameter, which only the larger ones were 
noticeably coloured. adding dithionite 
ascorbic acid suspension under cover slip 
these particles changed from yellow red. 

Isolation granules containing 
Results attempts made isolate the pigment- 
containing particles differential centrifuging 
are tabulated Table When the insects were 
reared 28°, granular fraction which the 
content insectorubin was about six times high 
the whole homogenate sedimented between 
650 and 1000g for Particles with high 
pigment content were also present the fraction 
which sedimented between 1000 and 200 for 
min., the sedimentation range most animal 
mitochondria. 
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All particulate matter visible under the light 
microscope was removed centrifuging 
000 for min. The material which sedimented 
between 10200 and gave 
yellow fatty-looking pellet and consisted 
particles with wide size range, less than 
diameter. This fraction contained insecto- 
rubin. The final supernatant fraction was usually 
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containing dried human serum. Because 
this the particulate suspensions always con- 
tained the soluble pigment. 

Redox behaviour insectorubin particle sus- 
pensions. Insectorubin the particle suspensions 
from the integument prepared was 
reduced anaerobically the several substrates 


tested (Table 5). The reduction malate was 
stimulated twofold adding diphosphopyridine 
nucleotide (DPN) and the rate reduction 
succinate was doubled adding adenosine tri- 
phosphate (ATP). the particles sedimenting 
between 650 and 1000g for 10min., succinate 
increased the rate reduction insectorubin only 


pink coloured and contained soluble insectorubin. 

Insectorubin was removed from the particulate 
fractions washing the medium used for 
isolation. For example, two-thirds the insecto- 
rubin was lost from freshly prepared appendage- 
thorax-granules three washes 


Table Fractionation insectorubin particles from the integument, thorax 
and appendages Schistocerca gregaria 


Particles were isolated dried human serum, Homogenate was fractionated 
the gravitational forces shown, described Materials and Methods. One unit insectorubin ml. methanol 


containing (v/v) HCl gave optical density 0-1 495 
for Insectorubin content [units/mg. dry wt. extracted with 
els methanol containing (v/v) 
Preparation 
dried serum Integument from insects Integument 
hic Tissue preparation 
rat Homogenate 1-0 1-0 0-7 
ion Sedimenting force (g, for min.) 
1400-10 200 1-0 1-1 
Table Reduction insectorubin isolated pigment granules from the integument Schistocerca gregaria 
particle suspension (100 mg. wet wt./ml. and 0-33 m-mole KCl. Total vol. ml.; optical density 
slip approx. 1-5. Gas phase, nitrogen. Decrease optical density was measured the method described earlier. Particles 


used were sedimented for min. between the gravitational forces shown. 


100 (AE 420 min./20 mg. wet wt.) 
ing 650-1000 1000-10 200 

Additions Aged Fresh Aged 
igh 2-4 2-5 3-0 3-2 
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after the particle suspension had been left for 
about (aged particles). Although particles 
prepared had high endogenous 
respiration compared with the increase adding 
succinate the substrates responsible for this did not 
seem capable reducing insectorubin. The rate 
endogenous reduction was slow and soon came 
end. Reoxidation insectorubin oxygen was 
times fast the rate reduction succinate 
and the oxidation reaction was completely in- 
hibited suggesting that heavy 
metal involved. This concentration cyanide 
had effect the reduction insectorubin. 
Ethylenediaminetetra-acetate completely 
inhibited the reduction insectorubin 
particles and decreased the oxidation 
glutarate 38%. 

Effect temperature insectorubin production. 
has been found (for example, Goodwin, 1950) 
that the insectorubin concentration (as measured 
the amount extracted the standard tech- 
niques) the locust integument decreased 
raising the environmental temperature the 
insects. Increasing the temperature from 28° 35° 
caused 30% fall the insectorubin content 
the homogenate (Table 4). Concomitant with this 
there was drop the concentration pigment 
each fraction the integument homogenate. This 
amounted 97% the particles sedimenting 
between 1000 and 000 

The distribution total pigment and dry 
material the various tissue fractions altered 
when the insects are maintained different 
temperatures (Table 6). The decrease insecto- 
rubin higher temperatures most striking 
the fraction sedimenting between 1000 and 200 
this fraction 35° compared with 13% 28°. 
When the environmental temperature the insect 
was increased from 28° 35° there was 98% 
decrease the dry weight this fraction the 
integument homogenate. The production in- 
sectorubin may thus linked with the appearance 
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particles sedimenting high centrifugal 
force, and these particles provide indicator 
the environmental temperature the insect. 

Fine structure isolated particles from the integu- 
ment. Electron micrographs isolated integument 
particles show granules with internal membrane 
system. The isolated particles are spherical with 
average diameter compared with for the 
diameter the short axis the rod-like forms that 
are found the intact integument. Often the 
membranes are confined small area the edge 
the particle membrane. 

particles other than mitochondria were 
found associated with the fraction the 
homogenate having the highest pigment concentra- 
tion. There was obvious structural differences 
between particles sedimented lower centrifugal 
and those sedimented higher one. The 
difference size between fractions 
appreciable either, suggesting that the sedimenta- 
tion difference was one density only. 

Particles isolated from the integument insects 
reared 35° were smaller than those from insects 
reared 28°. The maximum diameter was but 
large proportion them were less than This 
difference size did not alter the sedimentation 
pattern the pigment and the fraction with 
highest content still sedimented between 650 and 
1000 

Occasionally, strongly osmiophilic granules were 
observed all fractions. These had organized 
structure and could not correlated with the 
presence high concentration insectorubin 
any one fraction. They were few number, 
probably less than 100 mitochondria, and the 
conclusion that insectorubin contained 
mitochondria. 


Isolation particles derived from nervous 
tissue head homogenates 


avoid the difficulties dissection was 
thought possible that particle fraction derived 
from the cerebral ganglion could isolated from 


Table Distribution insectorubin and dry matter homogenates locust integument 


The integument was homogenized and centrifuged successively for min. the gravitational forces 
given below. One unit insectorubin ml. methanol containing (v/v) HCl gave optical density 
0-1 495 Results are expressed terms the percentage total insectorubin and dry material recovered from the 


homogenate. 


Insectorubin content 


total recovered) 
A 


Insects reared 
28° 
Sedimenting force (g) 
53-2 
650-1000 


2200-10 200 


Dry wt. 
total recovered) 
Insects reared Insects reared Insects reared 
35° 28° 35° 
42-0 
10-7 29-0 
10-0 
<0-01% 0-60 
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head homogenate differential centrifuging. 
order identify the particles, acetylcholine content 
and choline acetylase activity were taken 
characteristics the mitochondrial fraction from 
nerve cells (Hebb Smallman, 1956; Whittaker, 
1958; Bellamy, unpublished work). 

Acetylcholine and choline acetylase the head 
tissues. inhibitor choline esterase was added 
during the homogenization and fractionation pro- 
cedures. spite this, the head homogenate 
contained acetylcholine/g. dry wt. 
(Table 7). Two particle fractions were isolated from 
the homogenate. The first sedimented between 600 
and 1000 min. and the second between 1000 
200 min.; they were called the ‘heavy’- 
and ‘light’-particle fractions respectively. Only 
the ‘light’-particle fraction contained bound 
acetylcholine dry wt.) and about 56% 
the bound acetylcholine the homogenate was 
recovered this fraction. Choline acetylase has 
been found localized the mitochondrial 
fraction rabbit brain (Hebb Smallman, 1956) 
and the mitochondrial fraction rat brain 
(D. Bellamy, unpublished work). head homo- 
genates considerable synthesis acetylcholine 
with added choline (Table 7). This 
resulted 2-5-fold increase the ester hr. 
38°. 

After fractionation the ‘light’-particle fraction 
was the only fraction which choline acetylase 
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activity could detected. synthesis 
choline occurred unless choline was added. After 
the incubation without choline about 50% the 
acetylcholine that was originally particle-bound 
appeared the surrounding medium soluble 
form. Adding choline increased the concentration 
acetylcholine the particle suspension 
Most the ester was found soluble but the 
particle-bound acetylcholine was higher than the 
control incubation although this never reached the 
original level. 


Non-peptide glutamic acid and 
glutamine locust tissues 


All the locust tissues examined contained glut- 
amic acid and glutamine (Table 8). The head con- 
tained the highest level glutamic acid (15-8 
moles/g. wet wt.) with ratio glutamine 
glutamic acid 0-1. The head differed this 
respect from other tissues, which contained less 
glutamic acid and glutamine, with higher ratios 
glutamine glutamic acid, ranging from the 
fat body the thoracic muscle. fraction- 
ation the head homogenate over 60% the 
glutamic acid and glutamine was found the 
supernatant fraction (Table 9). This was not due 
the inclusion blood, which contained only 
about glutamic acid/g. and 
glutamine/g. (B. Kilby, personal communica- 
tion). 


Table 


Effect choline chloride acetylcholine synthesis head tissues Schistocerca gregaria 


Incubations were carried out with 0-017M-potassium phosphate buffer, 7-4, MgCl,, ATP, 
acetate, citrate and 0-1 mg. eserine sulphate. The tissue suspension ml. containing 
100 mg. wet wt./ml.) was added give final fluid volume ml. and the mixture incubated 38° air for hr. 
Dubnoff shaking incubator. The acetylcholine content the homogenate was dry wt., and the ‘light’-particle 
fraction dry wt. After incubation the mixtures were centrifuged for min. The acetylcholine 
contents the supernatant fluid (supernatant) and the sedimented tissue (residue and particles) were determined separ- 
Acetylcholine dry wt. sedimentable tissue) 


Homogenate fraction 
Residue Supernatant Particles Supernatant 
Without choline 63-5 89-4 
With choline mg.) 81-9 109 89-0 156 


Table Content glutamic acid and glutamine tissues from Schistocerca gregaria 


Content tissue wet wt.) 


Thoracic Abdominal 
muscle integument Fat body Head 

Glutamic acid glutamine 9-6 
Free ammonia amide nitrogen 10-2 4-6 1-5 
Free ammonia 1-4 


Glutamic acid 
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Table Glutamic acid and glutamine distribution head tissue from Schistocerca gregaria 


Head tissue wet wt.) was homogenized (80 ml.) and fractionated the gravitational forces shown. 


Total 


glutamic acid 


Total 


Gravitational and glutamine glutamine Glutamic acid Glutamine 
force fraction each fraction (umoles/g. 
Tissue fraction (g, min.) dry wt.) dry wt.) 

Homogenate 138 5-0 
Cell debris, nuclei and chitin 0-650 8-4 0-6 11-7 
particles 650-1000 49-4 143 21-4 
‘Light’ particles 1000-10 200 2-6 1-0 19-2 


The fraction contained 36% 
the glutamic acid and glutamine the homogenate 
and the content dry wt.) was about 
three times that the whole homogenate. This 
fraction had intense-red colour and contained 
pigment with the spectral characteristics in- 
sectorubin and thus was probably derived from 
the integument. Glutamine was found both the 
and ‘light’-particle fractions concen- 
tration about four times that the whole homo- 
genate. The ratio glutamine glutamic acid 
these fractions was 0-15 and 0-63 respectively. 


DISCUSSION 


Evaluation the results mixed-tissue prepara- 
tions. When working with insects the necessary 
dissection different tissues for individual in- 
vestigation time-consuming and tedious, and 
there has been tendency use mixed-tissue 
preparations (Sacktor, 1953; Chefurka, 1953; Rees, 
1954) even whole insects (Gonda, Traub 
Avi-Dor, 1957). When insect part insect 
contains more than one highly active tissue, 
the desert locust, this approach could mis- 
leading. The tissue preparations from the 
separated thorax muscle and thorax integument 
was lower than those prepared from the whole 
thorax. The integument made the whole 
thorax and from the values was calculated 
that the hypodermis was the most active tissue 
present. The oxidative activity particles 
derived from the integument was higher than 
particles from the muscle and when each tissue was 
treated and centrifuged the same way the 
wet weight the integument was recovered from 
the homogenate particulate form but only 
from the muscle. Thus unless the activities and 
proportions the different tissues comprising the 
insect are known impossible obtain clear 
picture metabolic activities from mixed homo- 
genates. 

Insectorubin respiratory pigment. Insecto- 
rubin (for review similar pigments see Butenandt, 


1957) the particles from the integument was 
reduced anaerobically many substrates and 
reoxidized rapidly admitting oxygen. Assuming 
maximum extinction coefficient 1000 for the 
particle-bound pigment has been calculated that 
the rates insectorubin reduction 
glutarate and succinate are the same order the 
rates oxidation these substrates particle 
suspensions. Ethylenediaminetetra-acetate (5mm) 
inhibited both the reduction insectorubin and 
the oxidation «-oxoglutarate the particles. 
These results suggest that substantial oxidative 
pathway could operate through insectorubin 
vitro. The involvement insectorubin the oxid- 
ation substrate could artifact arising from 
the methods preparation. Insectorubin does not 
seem indispensable the locust, because 
albino strain known (Hunter-Jones, 1957) 
which the insectorubin the integument 
decreased (D. Bellamy, unpublished work) 
but the appear normal most other 
respects. 

Comparison particles isolated from the locust 
with mitochondria from rat tissues. This work only 
part yet incomplete survey particles 
isolated from animal tissues, but already certain 
similarities have been shown exist between 
particles from locust tissues and mitochondria 
from, for example, rat liver and brain. Rees (1954) 
has already established the similarity particles 
from the thorax the Moroccan locust rat- 
liver and brain mitochondria terms oxidation 
citric acid-cycle intermediates and associated 
phosphorylation adenosine diphosphate. the 
present work «-oxoglutarate and succinate were 
oxidized particles from all the tissues studied, 
although certain quantitative differences from rat 
tissues were apparent. The higher rate 
glutarate oxidation the integument particles 
compared with succinate has already been em- 
phasized. The endogenous values particles 
from the thorax tissues were higher than those 
found for mitochondria from rat liver and brain, 
although the maximum values obtained 
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adding substrate were lower than the maximum 
Qo, values the latter particles under the same 
conditions. the fat body there are indications 
lability these oxidative enzymes. There was 
decreased rate endogenous respiration homo- 
genizing this tissue and the maximum 
adding succinate was lower than the endogenous 
Qo, the intact tissue. Hearfield Kilby (1958), 
using homogenates fat body, could not detect 
succinate oxidation and this 
agreement with the above interpretation. 

The binding glutamic acid, glutamine, 
choline and insectorubin 
particles from the locust has similarities the 
binding citrate (Schneider, Striebich Hoge- 
boom, 1956), acetylcholine (Whittaker, 1958), 
adrenaline and noradrenaline (Blaschko, Hagen 
Welch, 1955) and glutamic acid and glutamine 
(D. Bellamy, unpublished work) 
fractions isolated from mammalian tissues. 


SUMMARY 


Mitochondria were prepared differential 
centrifuging from tissues Schistocerca gregaria 
(desert The preparations, which were 
essentially free from nuclei and cell debris, were 
examined under the electron microscope. 

The Qo, values «-oxoglutarate and succi- 
nate oxidation homogenates and particle sus- 
pensions from whole thorax, legs, integument, 
thoracic muscle and fat body were compared with 
the respiration the live insect and the intact 
tissues. The values obtained 30° for the 
whole tissues ranged from about for the wings 
about for the fat body and thoracic muscle. 
Values for the homogenates were the whole 
higher than those the intact tissue and the in- 
creased respiration the addition substrate 
was four six times high the intact 
tissue. 

Mitochondria-like particles containing the 
pigment insectorubin, which partially responsible 
for the external colour the locust, were isolated 
from the integument and characterized. 

Acetylcholine (about dry wt.) was 
found homogenates head tissue. 
After centrifuging, acetylcholine dry 
wt.) was found the particulate fraction which 
sedimented between 1000 and 200 for min. 
choline acetylase system was demonstrated 
head homogenates and the particles described 
above. 

Values for the sum glutamic acid and 
glutamine wet wt.) tissues from 
Schistocerca gregaria are: fat body 4-8, integument 
thoracic muscle 9-6 and head The pro- 
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portion glutamine total glutamic acid and 
glutamine ranged from 0-9 the muscle 
0-1 the head. fractionation the particulate 
fraction the head homogenate (containing 
glutamic acid and glutamine/g. dry 
wt.) sedimenting between 650 and 1000 min. 
contained glutamic acid and glut- 
amine/g. dry wt., and that sedimenting between 
glutamic acid and glutamine/g. dry wt. 


The author wishes thank Professor Sir Hans Krebs, 


F.R.S., for his helpful criticism during the preparation 


the manuscript and Bartley for much discussion and 
advice during the experimental work. The work was carried 
out during the tenure Medical Research Council 
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grant from the Rockefeller Foundation. 


REFERENCES 


138, 535. 

Blaschko, H., Hagen, Welch, (1955). Physiol. 
129, 27. 

Butenandt, (1957). Angew. Chem. 69, 16. 

Chauvin, (1941). Ann. Soc. ent. Fr. 110, 133. 

Chefurka, (1953). Biochim. biophys. Acta, 17, 294. 

Volumetric Error, 98. London: Crosby Lockwood and 
Son. 

Feldberg, (1942-3). Physiol. 101, 432. 

Gonda, O., Traub, Avi-Dor, (1957). Biochem. 
487. 

Goodwin, (1950). Biochem. 47, 554. 

Hearfield, Kilby, (1958). Nature, Lond., 181, 
546. 

385. 

Holton, (1955). Biochem. 61, 46. 

Hunter-Jones, (1957). Communication from the Anti- 
Locust Research Centre, London. 

Kergut, Laverack, (1957). exp. Biol. 34, 
97. 

Kilby, Neville, (1957). exp. Biol. 34, 276. 

Krebs, (1948). Biochem. 51. 

241. 

Nickerson, (1956). Anti-Locust Bull. 24, 

Rees, (1954). Biochem. 58, 196. 

Sacktor, (1953). gen. Physiol. 36, 371. 

(1956). J. biol. Chem. 222, 969. 

Werkheiser, Bartley, (1957). Biochem. 66, 
79. 

Whittaker, (1958). Biochem. 68, 

Wigglesworth, (1950). The Principles Insect 
Physiology, 289. London: Methuen and Co. Ltd. 

Witter, F., Watson, Cottone, (1955). 
biophys. biochem. Cytol. 127. 


] 
1 
1 
r 
y 
n 
n 
a 
S 
be 
n 
)- 
28 
se 
n, 


590 


1958 


Characterization Polysaccharides Isolated from Forest Soils 
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The present investigation has concerned itself with 
the differences associated with the development 
the two contrasted types forest humus. These are 
known mull and mor, and are related the 
nature the vegetation. One the character- 
istics differentiating soils associated with these two 
morphologically different types humus the 
development crumb structure mull soils, but 
not soils associated with mor. There con- 
siderable body opinion which holds that the 
development crumb structure soil is, part 
least, associated with polysaccharides produced 
soil micro-organisms (Martin, 1945; Geoghegan 
Brian, 1946). This also supported the work 
Swaby (1949), who observed that microbial 
gums vary widely their ability aggregate soil. 

The isolation from the soil carbohydrate 
material that might some way related 
those carbohydrates which have been found 
induce aggregation has also attracted attention. 
polysaccharide material was isolated from various 
soils Forsyth (1950). For each soil this material 
was composed the following sugars: galactose, 
glucose, mannose, arabinose, xylose and aldo- 
biuronic acid containing glucuronic acid. The 
selective method isolation this polysaccharide 
might thought lead fairly homogeneous 
product. Duff (1952a) isolated from the soil 
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water-soluble polysaccharide complex which gave, 
hydrolysis, the sugar units found previously 
the material obtained Forsyth (1950) and, 
addition, rhamnose and least two methylated 
sugars. Fucose was later identified (Duff, 
among the sugars present the hydrolysates. The 
methyl sugars have been partially identified 
2:6- aldoheptoses (Duff, 1954). 
Duff has shown that one the 
ated sugars from soil extract identical with 
O-methy] sugar which was found constituent 
polysaccharide produced Bacillus mega- 
terium (Forsyth, 1954). Dubach, Zweifel, Bach 
Deuel (1955) and Whistler Kirby (1956) have 
also isolated polysaccharide complex from the 
soil. However, comparative study these con- 
stituents forest soils associated with various types 
humus has yet been made. was therefore 
interest try ascertain whether different kinds, 
and possibly different amounts, polysaccharides 
are present soils associated with mull and mor 
respectively. 


MATERIALS AND METHODS 
Soils 
samples three mull soils and two soils 
with mor layers have been used for the investigation. Some 
their characteristics are presented Table 
identification number has been assigned each soil and 
used throughout the text. 


Table Characteristics the soils used the investigation 


Identification Parent mineral Degree 
no. material Nature vegetation Horizon sampled aggregation* 
Mull soils 
Calcareous grit Ulmus glabra Huds. Mull layer 
(pH 5-7) 
clay Quercus spp., Mull layer 
Fraxinus excelsior (pH 6-4) 
Plateau gravel Fagus sylvatica L., Mull layer 
(non-calcareous) Quercus spp. (pH 5-6) 
Soils with mor layers 
Non-calcareous Fagus sylvatica Uppermost mineral 
tertiary gravel horizon 
(pH 4-6) 
Non-calcareous Calluna vulgaris Uppermost mineral Nil 
tertiary gravel (L) Hull. horizon 
(pH 


Mean wt. (g.) aggregates mm./50 soil oven-dry wt. basis. 
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Determination aggregates the soils. This was done 
the wet-sieving technique described Swaby (1949). Only 
macroaggregates (>1 mm.) were estimated. 


Methods used the examination and 
analysis the polysaccharides 


Material for analysis. Intensive drying the polysac- 
charides was avoided. Air-dried preparations contained 
15% moisture. Samples for analysis were dried vacuo 
60° over phosphorus pentoxide. 

Total nitrogen, phosphorus and acetyl determinations. 
Acetyl, phosphorus and most the nitrogen determina- 
tions were carried out Weiler and Strauss, Oxford. 
Other nitrogen determinations were made the semi- 
micro-Kjeldahl method. 

Ash. The ash content was determined incineration 
550°. 

Uronic acid determination. Uronic acids were determined 
before hydrolysis the Boas (1955) modifications the 
carbazole method Dische (1947). 

Specific rotation. When samples only few milligrams 
were available the rotations were determined Weiler and 
Strauss, Oxford. Otherwise this was determined the 

Hydrolysis. Hydrolysis polysaccharides was usually 
carried out sealed tubes 10-20 mg. samples the 
presence ml. N-H,SO, for hr. Neutralization 
was carried out with barium carbonate. was also 
used and was removed vacuum desiccator containing 
solid NaOH. 

Chromatography. Except where otherwise stated, chro- 
matography was carried out Whatman filter papers no. 
and no. 3MM, with (10:3:3, 
vol.) (Jones Wise, 1952), ethyl acid— 
water (3:1:3, vol.) (Jermyn Isherwood, 1949) 
solvent systems. The position the sugars the chro- 
matograms was revealed spraying with p-anisidine 
hydrochloride (Hough, Jones Wadman, 1950) with 
aniline phthalate (Partridge, 1949). The term used 
the text refers the rate movement spots relative 
glucose. 

Infrared spectra. These were obtained the use 
double-beam spectrophotometer, over the 
range The Nujol (liquid paraffin)-mull technique 
was used, 

Acetylation. Acetylation polysaccharides was carried 
out the modifications the method Carson Maclay 
(1948), proposed Adams Castagne (1952). Deacetyl- 
ation was also effected according the latter authors. 

Viscosity. Measurements relative intrinsic 
viscosities were made with Fenske-type viscometer 
(no. 50). The system was maintained temperature 
25+0-05°. The time flow was measured 0-1 sec. and 
least three readings were made for each solution. For 
determinations ml. solution was used. For intrinsic- 
viscosity measurements, solutions containing 
polysaccharide were prepared, from which dilutions con- 
taining 0-25, and 0-0625% were prepared. The 
terminology for the viscosity functions used the text are 
those proposed Cragg (1946). 

Paper electrophoresis. This was carried out apparatus 
similar that described Kunkel Tiselius (1951), with 
Whatman no. paper em. The position 
acidic polysaccharides was revealed staining with 
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solution toluidine blue (Pasternak Kent, 1952). 
attempt reveal the presence neutral polysaccharides, 
Schiff’s reagent was used according the method described 

Free-boundary electrophoresis. This was carried out 
standard techniques, with the standard Hilger equip- 
ment and the optical system Philpot (1938). 

Precipitin reactions. Polysaccharide solutions (0-1 ml., 
about physiological saline were layered over 
the pneumococcal antisera (0-1 ml.) capillary tubes. The 
tubes were incubated 37° for hr. and the results read 
after standing overnight. 


EXPERIMENTAL AND RESULTS 
Isolation and purification the polysaccharides 


From preliminary attempts isolate polysac- 
charide material from soil with dilute alkali, 
sodium pyrophosphate, hot water buffer solu- 
tions extracting agents, was found that buffer 
solution was most suitable since extracted less 
non-dialysable non-carbohydrate material. The 
yield polysaccharide extracted was about the 
same for hot-water extraction but without the 
disadvantage heating. Moreover, the poly- 
saccharides isolated this way were found 
have higher viscosity than those isolated 
other methods and may therefore relatively 
undegraded. 

the method finally adopted, polysaccharides 
were extracted with buffer, and 
KCl. Buffer solution saturated with toluene 
was used per kilogram air-dried soil and extrac- 
tion effected vigorous stirring room temper- 
ature for hr. The solutions were filtered and the 
residues re-extracted for further 6hr. Two 
extracts, each from kg. soil, were bulked and 
dialysed against distilled water. The dialysed 
extracts were concentrated under reduced pressure 
25° (to again dialysed (4°) and then 
poured into vol. ethanol containing (v/v) 
acetic acid. The resulting precipitate was centri- 
fuged, washed with ethanol and redissolved 
water. Solution and reprecipitation were repeated 
until the supernatant was colourless (usually three 
precipitations were required). The precipitate was 
then washed with ethanol increasing strength, 
and then with ether. was dried the air until 
most the ether had evaporated, and then 
vacuo over CaCl,. The material from all sources 
gave positive biuret test. 

After many attempts purify the extracted 
polysaccharides without degradation, the following 
purification procedure was finally adopted. The 
polysaccharide material was dissolved 
water solution) and gave 
solution. This was saturated with 
toluene and decolorized passing (500 ml.) 
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through bed (3-75 cm. diam.) acti- 
vated charcoal (British Drug Houses Ltd.) pre- 
viously thoroughly washed with water. The filtrate 
did not show any apparent change viscosity. 
The charcoal bed was then washed with water 
(100 ml.), followed 
solution (usually 500 ml.), which removed almost 
quantitatively the part the polysaccharide 
complex that had been adsorbed the charcoal. 
Excess tetraborate, borate higher concen- 
tration, was avoided since this resulted the 
elution some the non-carbohydrate coloured 
material. The combined water and borate eluates 
were concentrated the original volume and 
dialysed 4°. 

Proteins were removed the method proposed 
CdSO, 5ml. crude polysac- 
charide was added the neutral solution (at 60°) 
and stirred vigorously for The suspended 
material was centrifuged off, resuspended water 
and again centrifuged. The combined supernatants 
were clarified centrifuging for 30min. 
Further protein was removed the 
formation water-insoluble gel 
(Sevag, Lackman Smolens, 1938). This was 
followed shaking the polysaccharide solution (to 
which acetic acid had been added give 
solution) for hr. with fuller’s earth (300 mg. 
adsorbent/g. crude polysaccharide). The adsor- 
bent was removed centrifuging and washed with 
acid. The combined washings and super- 
natant were dialysed and poured into 
ethanol. The precipitate was washed repeatedly 
with ethanol and ether, and dried vacuo over 


Table Yields and properties the polysac- 
charide preparations from the various soils 


Yield 
Soil (g./kg. water Ash 
no. dry soil) (c, 1-0) 
0-21 0-41 2-2 
0-39 0-60 2-7 
0-17 -19 0-49 1-9 
0-10 0-26 2-1 
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CaCl, give white amorphous product. The 
yields and properties the polysaccharides from 
the various soils are summarized Table 

The polysaccharides gave coloration with 
iodine and did not reduce Fehling’s solution. They 
all gave positive carbazole test (Dische, 1947) for 
uronic acids. The biuret test was negative. 
characteristic ketose coloration was formed 
treating with the anthrone reagent Johanson 
(1953), thereby indicating the absence levans. 
After hydrolysis, paper chromatography indicated 
that the various polysaccharide preparations were 
very similar composition. The sugars identified 
were glucuronic acid (or its lactone), galactose, 
glucose, mannose, arabinose, xylose, fucose (absent 
polysaccharides from soils and and rham- 
nose. spot (R, observed chromatography 
the hydrolysates least four soil polysac- 
charides before the purification procedures was 
eliminated the hydrolysates the purified 
materials. 


Procedures used the fractionation polysaccharide 
materials and examination for homogeneity 


Attempted fractionation ethanol precipitation. 
typical experiments, about 500 mg. soil- 
polysaccharide preparation was dissolved 100 
potassium acetate. Cold ethanol was added 
gradually while the solution was being stirred. 
When the solution became opalescent was 
allowed stand for short time the cold (5°) and 
any precipitate formed was centrifuged off, and 
washed with ethanol and ether and dried. Details 
the yields and properties the various fractions 
the polysaccharide preparation from soil are 
listed Table Fractionation ethanol pre- 
cipitation was carried out polysaccharide pre- 
parations from all five soils. Results did not indi- 
cate any marked heterogeneity the polysac- 
charide materials, judged from the specific 
rotations the fractions and their uronic acid 
content. This became more evident after hydrolysis 
mg.) each fraction followed chromato- 
graphy the hydrolysates. All the sugars pre- 
viously identified constituents the unfraction- 
ated polysaccharides were present each fraction 


Table Properties the various fractions obtained fractional ethanol precipitation 
the polysaccharide preparation from soil 


The polysaccharide (0-431 g.) was precipitated from 0-5% solution. 


Conen. 
Fraction ethanol Yield acid 
no. v/v) total) water (c, 1-0) 
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and apparently the same proportions, although 
quantitative estimation the various sugars 
was carried out. 

Attempts obtain significantly different 
fractions from the polysaccharide preparations 
precipitation with ethanol from formamide solu- 
tions were unsuccessful. Cetylpyridinium bromide 
(Scott, 1956) also proved unsuccessful fraction- 
ating agent. 

Paper electrophoresis. Polysaccharide materials 
isolated from the various soils moved single 
spots different rates towards the anode the 
following buffers: borate (pH 9-05, 0-06; 
barbiturate (pH 8-6, 
Durrum, 1955) and phosphate (pH 8-0, 
Tail- 
ing was more pronounced acetate buffer (pH 5-1, 
particularly when high voltage was 
applied. With one exception all the fractions iso- 
lated fractional ethanol precipitation had the 
same mobility the original polysaccharide 
borate buffer, fact which agreement with the 
similarity the other characteristics the various 
fractions. With the polysaccharide preparation 
from soil there appeared large proportion 
stationary component, least when borate 
buffer was used. Paper-electrophoresis patterns 
are shown Fig. 

application the chromatographic method 
proposed Kerby (1953) and with solution 
propanol (35%) phosphate buffer (pH 6-4; 


Fig. Paper-electrophoresis patterns 
charide preparations borate buffer (pH 9-05, 0-06); 
potential gradient: (a) Soil (1) spot 
polysaccharide which was stationary chromato- 
gram (see text); (2) spot polysaccharide which was 
mobile chromatogram. Soil (1) and (2), 
fractions and from polysaccharide fractionally pre- 
cipitated ethanol. (c) Soil 4hr.: (1) and (2), 
fractions and from polysaccharide fractionally pre- 
cipitated ethanol. (d) Soil unfractionated 
polysaccharide preparation. (e) Soil 4hr.: un- 
fractionated polysaccharide preparation. 
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agent, was possible separate the polysac- 
charide complexes from all the soil samples two 
distinct spots, one fast-moving (R, 0-76) and one 
stationary. Separation mg. quantities these 
materials was effected using several sheets 
Whatman no. 3MM paper. The materials thus 
obtained were hydrolysed and chromatographed, 
which revealed that both the moving and the 
stationary fractions contained the same sugars 
apparently the same proportions the unfraction- 
ated polysaccharide preparation. paper-electro- 
phoresis experiments the material which separated 
into two spots the chromatograms moved 
single spot (Fig. 1). possible that the moving 
component the chromatogram arises from the 
original polysaccharide, although fraction 
having lower molecular weight, but the same 
charge. However, this fraction was only partly 
eliminated after prolonged dialysis. remained 
stationary chromatogram run for hr. with 
propan-2-ol acid (9:1, v/v) (Bird 
Hopkins, 1954), solvent which particularly 
suitable for the rapid separation oligosac- 
charides. 

Attempted fractionation acetylated 
charides. Polysaccharide preparations from soils 
and were selected for acetylation. The main 
fractions both these polysaccharide preparations 
were insoluble acetone, pyridine and 
dioxan after acetylation. similar observation has 
been made with the acetylated complex polysac- 
charide produced the blue-green alga Anabaena 
cylindrica (Bishop, Adams Hughes, 1954). The dry 
acetylated polysaccharides were dissolved 
(1%, w/v) and the soluble material fractionally 
precipitated with light petroleum (b.p. 
All fractions were reprecipitated once from 
soln. and the precipitates repeatedly washed 
with ether and dried vacuo over phosphorus 
pentoxide. They were recovered dry friable 
solids. The characteristics these fractions are 
given Table 

After deacetylation, mg. each fraction 
was hydrolysed and the neutralized hydrolysates 
were analysed paper chromatography. 
fractions from the polysaccharide preparation from 
soil gave qualitatively identical chromatograms 
having approximately the same proportions the 
various sugar constituents the original un- 
fractionated preparation, except that arabinose 
tended absent from fractions and 

Fractions the deacetylated polysaccharide 
material from soil also gave hydrolysis the same 
sugars were found the original unfractionated 
preparation. However, there was some indication 
that the proportions the sugar constituents 
differed the various fractions and that some 
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Table Yields and properties the acetylated polysaccharide preparations from soils and 
after fractionation from chloroform solution light petroleum 


Fraction light petroleum Percentage Acetyl 
Soil 
Recovery 
Soil 
60-8 11-4 35-95 +19-1 
Recovery 


Table Electrophoretic data preparations 
soil polysaccharide 


10° Average 


Soil Buffer mobility 


(9-1; 0-12) 


Measured the ascending boundary. 


fractionation the polysaccharide complex had 
been achieved. Glucose appeared much greater 
concentration the hydrolysates the first 
fractions than those the last. Arabinose was 
absent from the first two fractions but gradually 
increased quantity the last fractions. There 
was apparent change the relative concentra- 
tions the other sugars compared with those 
the unfractionated preparation, except that fucose 
was almost absent from fractions and 

Free-boundary electrophoresis. The concentration 
the polysaccharide preparations the buffer 
solutions varied from 0-5 2%. Spreading the 
boundaries was rather rapid and was clear that 
the material was highly polydisperse. Mobility 
measurements were computed from the descending 
boundary and are given Table Because the 
polydispersity the material, the mobility figures 
quoted were derived from measurements the 
maximum the schlieren-boundary curves and 
are therefore average values. 

Electrophoretic patterns the polysaccharide 
preparation from soil are shown Fig. The 


(a) 

paration from soil Borate buffer (pH 9-1, 0-12); 
potential gradient: polysaccharide; 
exposure 39min. Phosphate buffer (pH 
0-14); polysaccharide; exposure min. 
Direction movement anodic shown arrows; 
(a), ascending boundary, descending boundary. 


large stationary boundaries were found 
artifacts produced unusually large and 
boundary anomalies. Similar observations have 
been reported for well-known 
charides (Wolfrom, Madison Crow, 1952; Record 
Grinstead, 1953). The causes the spreading 
initially sharp boundaries have been discussed 
Ogston (1946). the present system spreading 
boundaries both limbs was reversed reversal 
the current, which would exclude the possibility 
its being due thermal diffusion, although the 
boundaries did not completely recover their initial 
sharpness. likely that the polysaccharides are 
mixtures components having different mobilities, 
symmetrically distributed about mean value. 
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Polysaccharides from soils and also gave 
single moving boundary (Fig. 3). The polysac- 
charide preparation from soil proved 
electrophoretically heterogeneous the following 
buffer solutions: borate (pH 
acetate 
acetate); barbiturate (pH 8-6, 0-075; Durrum, 
patterns are shown 
Fig. Attempts isolate the different fractions 
preparative electrophoresis procedures were un- 
successful. However, had been observed 
previous experiments that when 
charide complex, dissolved NaOH (approx. n), 
was treated with Benedict’s solution, only part 
formed precipitable copper complex. This 
method fractionation proved successful 
enabled one component («) separated from 
the remainder the polysaccharide complex 
The following procedure was used. The polysac- 
charide preparation was dissolved 
100 ml. cold NaOH and the solution was 
quickly treated with equal volume Benedict’s 
solution. This was vigorously stirred for about 
min. and little acetone added hasten the 
settling the precipitate, which was separated 
centrifuging, and washed with 20-30 ml. 
NaOH and again centrifuged. The precipitation 
procedure was repeated twice. The precipitate was 
then suspended water vigorous 
stirring. Cold was added decompose the 
copper complex and slightly opalescent solution 
was obtained. The polysaccharide was then pre- 
cipitated pouring the solution into vol. cold 
ethanol. The white flocculent precipitate was im- 
mediately centrifuged and washed with slightly 


(a) 


Fig. Electrophoretic patterns 
preparations borate buffer (pH 9-05, 0-12); potential 
exposure 58min. (a), Ascending boundary; (d), 
descending boundary. 
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acidified mixture (7:3, v/v), 
order remove the copper completely, and then 
with the unacidified mixture remove the acid 
and finally with ethanol and ether (recovery 
0-809 g., 63-7%). When dissolved water this 
component («) gave opalescent and viscous 
solution. The intrinsic viscosity was almost un- 
affected addition electrolytes: 
(conen. g./100 ml.) acetate buffer, 5-1, 0-24; 
acid. 
acetate buffer (pH 5-1, 0-24) this substance 
migrated slowly and only after electrophoresis had 
proceeded for long time the boundary showed, 
besides main component the presence 
small amount additional component 
The two components probably 
molecular shape and weight since they are not 
separated significantly ultracentrifuging (see 
Addendum). 

That part the polysaccharide preparation 
which did not form copper complex probably 
contained also small amount the component 
judged electrophoretic patterns obtained 
acetate buffer (pH 


paration from soil Acetate buffer (pH 4-7, 0-1); 
potential gradient polysaccharide; 
exposure 29min. Phosphate buffer (pH 7-8, 
0-14); potential gradient polysac- 
acetate buffer (pH 5-1, 0-24); potential gradient 
min., (2): 152 min. (a), Ascending boundary; (d), 
descending boundary. 
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Chemical composition and physicochemical 
characteristics the soil polysaccharides 


Polysaccharides from soils and were 
isolated from that section the electrophoresis cell 
which the single displacing boundary had 
moved. These materials were used for further 
chromatographic analysis. 

The degree polymerization (P) was derived 
from intrinsic viscosity measurements with Staud- 
inger’s equation where 
expressed g./l. solution and the K,, factor 
(Husemann, 1940). Estimates the 
molecular weights (Table were obtained 
multiplying the average molecular weight 
anhydrosugar residues, assuming equimolecular 
ratio pentoses and hexoses units. clear that 
the accuracy the results only limited. How- 
ever, the estimate molecular weight (124 
obtained the use Staudinger’s equation, for 
the «-polysaccharide fraction from soil good 
agreement with the average molecular weight 
(130 derived from sedimentation measure- 
ments (see Addendum). 

The polysaccharides gave hydrolysis all the 
sugars detected previous hydrolysates, and 
approximately the same proportions, although 
quantitative estimation the sugars was not made. 
Further details the composition the polysac- 
charides are given Table Graded hydrolysis 
was carried out treating four separate lots 
polysaccharides (20 mg.) with N-H,SO, 
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tion the partial hydrolysates chromato- 
graphy showed that arabinose was released quickly, 
which would indicate that probably present 
the chains the furanoside form. 

was possible isolate aldobiuronic acid 
from the «-polysaccharide from soil pouring 
the hydrolysate hr. hydrolysate, neutralized 
methyl-red paper with BaCO,) into 
ethanol. The suspension was centrifuged and the 
precipitate barium salts dried with ethanol and 
ether. The barium salt (about was further 
hydrolysed sealed tube with 
for 6hr., and from this glucose and 
glucuronic acid (or its lactone) could detected 
the chromatograms. Because the nature its 
aldobiuronic acid groups, this polysaccharide was 
used precipitin tests with variety pneumo- 
antisera. cross-reaction could ob- 
served with any the antisera used (types II, 


Table Intrinsic viscosities and molecular 
weights soil polysaccharides 


Intrinsic 
viscosity Approx. 
Soil no. 
0-16 
0-42 124 
0-035 
0-042 12-4 


Calculated from intrinsic viscosity measurements. 


Table Sugar composition the soil polysaccharides 


Major component; minor component; trace. The uronic acid was tentatively identified glucuronic acid. 


was not determined soil no. 


Uronic 
Soil Hexoses Methyl acid 
no. Pentoses pentoses (%) 
Galactose Glucose Mannose Arabinose Fucose 
(M) (M) (M) (m) (m) 
Xylose Rhamnose 
(M) (t) 
Galactose Glucose Mannose Xylose Fucose 3-0 
(t) (M) (m) (m) (m) 
Rhamnose 
(t) 
Galactose Glucose Mannose Arabinose Fucose 
(M) (M) (m) (m) (t) 
Xylose Rhamnose 
(M) (t) 
Galactose Glucose Mannose Arabinose Rhamnose 
(M) (M) (M) (m) (t) 
Xylose 
(M) 
Galactose Glucose Mannose Arabinose Rhamnose 
(M) (M) (m) (m) (t) 
Xylose 
(M) 
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Fig. Infrared spectra the polysaccharides isolated 
from soils and 


Infrared spectra two soil polysaccharides 
(nos. and were obtained (Fig. 5). general 
they show very similar patterns those obtained 
from polysaccharides produced fungi known 
active decomposing wood and forest litter 
(Bernier, 1958). The weak inflexion 1736 
confirms the presence carboxylic groups arising 
from the small amount glucuronic acid residues 
(Orr, 1954). The broad band between 1600 and 
1700 probably due residual water rather 
than monosubstituted amides, which would 
appear two characteristic bands 1648 and 
1560 


DISCUSSION 


seems probable that the 
fraction soil does vary, certain extent, 
various forest soils and might not have such 
constant characteristics was hitherto suspected. 
seems clear from these results that, although the 
same sugars appear occur constantly the 
hydrolysates the polysaccharide preparations 
from variety forest soils, they are probably 
derived from various differing polysaccharides 
which might therefore reflexion certain 
degree differential biological activity. 

From the results the fractionation procedures 
would appear that the polysaccharides the 
soil are heterogeneous and perhaps constitute 
mixture complex substances not easily separated. 
Their degree complexity would explain the fact 
that they can, certain extent, accumulate 
environment where the microbial activity 
extremely intense. Little known about the 
mechanisms involved the breakdown hetero- 
polysaccharides, except that they are usually more 
resistant microbial attack than are less complex 
polysaccharides (Manners, 1955). This also 
supported results obtained from preliminary 
study the stability the isolated soil polysac- 
charides enzyme activity, incubating the 
polysaccharide solutions with soil suspension and 
with snail-crop-fluid preparations (Bernier, 1956). 
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The fact that neutral polysaccharides have not 
been isolated from the forest soils investigated 
might significance. not certain whether 
organisms producing dextrans and levans are able 
maintain high rate metabolic activity under 
the conditions often encountered forest 
soils. But any case, soil contains organisms 
capable utilizing levans and dextrans. Thus 
certain moulds (e.g. Aspergillus niger and some 
strains Penicillium), when grown the presence 
dextran, produce dextranase extracellularly 
(Hultin Nordstrém, 1949; Jeanes, Wilham, 
Jones, Tsuchiya Rist, 1953). addition, 
Azotobacter chroococcum can produce enzyme 
which brings about the hydrolysis levan 
(Hestrin Goldblum, 1953). 

appears, from the present findings, that the 
polysaccharides isolated from the upper mineral 
horizons beneath mor are smaller both amount 
and size than the polysaccharides from mull. 
may well that the polysaccharides formed mor 
layer reach the mineral-soil particles relatively 
degraded condition owing the activity micro- 
organisms during their downward passage, whereas 
the polysaccharides from mull would presumably 
formed more less situ. noteworthy that 
polysaccharides isolated from well-aggregated 
soil (no. are much more active aggregat- 
ing soil particles non-aggregated soil than are 
the polysaccharides isolated from mor (Bernier, 
1956). 

Further study elucidate the factors con- 
trolling the formation and destruction the 
soil polysaccharides, which are presumably 
microbial origin, should throw some light 
the little-understood influence these substances 
forest-soil processes. 


SUMMARY 


Polysaccharide complexes have been extracted 
with m/15 phosphate buffer from 
variety forest soils associated with both mull and 
mor types humus and were purified. 

Attempts fractionate the polysaccharide 
complexes fractional precipitation with ethanol, 
paper electrophoresis and fractionation the 
acetylated derivatives from chloroform solutions 
with light petroleum were not completely success- 
ful. However, the last two methods fractionation 
indicated that least one polysaccharide pre- 
paration might mixture substances. 

This was confirmed free-boundary electro- 
phoresis, which indicated that the material con- 
tains least three components. Fractionation 
this heterogeneous polysaccharide preparation was 
partially achieved means formation 
copper complex with Benedict’s solution. 
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viscosimetric measurements and applica- 
tion Staudinger’s equation the polysaccharides 
were found have molecular weights varying from 
(preparation from soil associated with 
mor) 124 (preparation from mull soil). 

Hydrolysis and paper chromatography re- 
vealed that the polysaccharides isolated from all 
the soils investigated were complex heteropolysac- 
charides. Except the high-molecular-weight pre- 
paration, from mull soil, which did not contain 
any arabinose and the two preparations from soils 
associated with mor, which did not contain fucose, 
all polysaccharides contained the following sugar 
constituents: glucuronic acid, galactose, glucose, 
mannose, arabinose, xylose, fucose and rhamnose. 
There was, however, some variation the pro- 
portion the sugar constituents. 


and constant interest this work, and Raudnitz 
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ADDENDUM 


Sedimentation the Ultracentrifuge 


OGSTON 
Department Biochemistry, University Oxford 


(Received August 1957) 


Sedimentation the «-polysaccharide fraction 
from soil (Bernier, 1958) was observed 
Svedberg oil-turbine ultracentrifuge the optical 
system Baldwin (1953); the sedimentation 
coefficients were calculated the method Cecil 
Ogston (1948). All measurements were made 


900 rev./sec. and The solutions were 
buffer, chloride, 0-1M-sodium acetate, 
acid. The concentration polysac- 
charide was measured refractometrically (Cecil 
Ogston, 1951) assuming specific refractive incre- 
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Fig. Sedimentation diagrams polysaccharide 
900 rev./sec. and for conditions, see text. 
1-6 g./100 ml., min. after full speed; 0-8 g./100 ml., 
min. after full speed; 0-4 g./100 ml., min. after 
full speed. Sedimentation occurs from right left. 


The material showed single sedimentation 
boundary, whose breadth and asymmetry, particu- 
larly lower concentrations where self-sharpening 
was less marked, showed that the material con- 
siderably polydisperse. attempt was made 
measure the degree polydispersity. The sedi- 
mentation coefficients quoted were derived from 
measurements the maximum the schlieren 
boundary curves, and are average values. In- 
spection the diagrams shows that there may 
smaller, polydisperse component sedimenting 
faster than the main component (Fig. 1). Values 
for the sedimentation coefficients, corrected 
water 20°, are given Table Because the 
breadth the boundary, the values are not very 
precise, particularly the lower concentrations; 
the plot against concentration shown 
Fig. The values obtained from this are: 

Combining these values with 
viscosity (Bernier, 1958), the following 
values are obtained the method Ogston 
(1953): molecular weight hydro- 
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Table Sedimentation coefficients 
fraction 


Conen. 
1-6 2-28 
0-8 2-46 
2-86 
0-2 2-76 


Conen. (g./100 ml.) 


Fig. Plot against concentration, for extra- 
polation zero concentration. The scatter 
mental points exaggerated the wide scale the 
ordinate. 


dynamic specific volume V’=1-0ml./g.; axial 
80. 

These dimensions, which should regarded 
only approximate, indicate that the (average) 
particle approximates configuration 
elongated, stiff and little-solvated rod. this 
differs strikingly from the dextrans (Ogston 


Woods, 1953, 1954). 
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Toxic Liver Injury 
THE METABOLISM DIMETHYLNITROSAMINE VITRO 


Toxicology Research Unit, Medical Research Council Laboratories, 
Woodmansterne Road, Carshalton, Surrey 


(Received November 1957) 


Dimethylnitrosamine has been shown cause 
acute centrilobular haemorrhagic necrosis the 
liver rats, rabbits and other animals when 
administered doses the order mg./kg. 
body wt. Damage other tissues was minimal 
absent and may related the liver injury 
(Barnes Magee, 1954). When added the diet 
high incidence malignant hepatic tumours 
(Magee Barnes, 1956). The compound rapidly 
metabolized vivo rats and mice, shown 
Dutton Heath (1956), who administered 
dimethylnitrosamine and recovered high pro- 
portion the radioactivity the expired carbon 
dioxide during the first few hours after injection. 

Magee (1956) studied the metabolism di- 
methylnitrosamine vivo, the polarographic 
method Heath Jarvis (1955) being used for its 
determination tissues and body fluids. The com- 
pound was found about the same concentration 
most the tissues the body and appeared 
distributed uniformly throughout the body 
water. Evidence from hepatectomized rats indi- 
that the liver the main organ concerned 
the metabolism dimethylnitrosamine. 

The present paper deals with the metabolism 
dimethylnitrosamine vitro tissue slices and 
broken-cell preparations. 


MATERIALS AND METHODS 


Dimethylnitrosamine. This was obtained commercially 
and was purified distillation (b.p. 151°). was esti- 
mated tissue samples the polarographic method 
Heath Jarvis (1955). 

Coenzymes. Diphosphopyridine nucleotide (DPN) and 
triphosphopyridine nucleotide (TPN) were prepared 
Aldridge and their purity was assayed chromato- 
graphically Threlfall. The DPN was 90% pure 
with contamination TPN and the TPN was 69% 
pure with DPN. Reduced TPN (TPNH) was prepared 
the method Kaplan, Colowick Neufeld (1952). 
Adenosine triphosphate (ATP) was obtained from Sigma 
Chemical Co. 


Present address: Institute for Medical Research, 
Medvescak 110, Zagreb, Yugoslavia. 


propylacetate hydrochloride) was gift from Carter, 
Smith, Klyne and French Ltd. 

Animals. Albino rats the Porton strain maintained 
M.R.C. diet no. (Bruce Parkes, 1949) and cross-bred 
rabbits maintained M.R.C. diet no. (Bruce, 1947) 
were used. 

Experiments tissue slices. Rats either sex, usually 
weighing about 200g., were killed decapitation and their 
livers other organs rapidly removed and placed ice- 
cold phosphate (Umbreit, Burris Staufer, 
1951), which was the incubation medium. After blotting, 
slices were cut with slicer (Stadie Riggs, 1944), and 
weighed torsion balance and transferred Warburg 
flasks containing ice-cold medium. The water content 
representative samples the tissue slices was determined 
drying overnight electric oven 105°. Solutions 
dimethylnitrosamine were freshly prepared dilution 
with medium and added the Warburg flasks. Sometimes 
glucose was added final concentration and the 
final volume was ml. Incubation was conventional 
Warburg apparatus 37°, with gas phase either N,, 
gassing taking min. most experiments the uptake 
was followed manometrically. After incubation the slices 
were disintegrated with Watson blade homogenizer and 
the resulting suspension was transferred quantitatively 
measuring cylinder. Proteins were precipitated with 
sulphosalicylic acid. The contents the cylinder were 
made known volume (20 ml.) and filtered. 
Dimethylnitrosamine was determined the filtrate. 

Experiments broken-cell preparations. 
and sometimes other organs, were disintegrated ice-cold 
potassium phosphate buffer, 7-4, usually containing 
(Potter Elvehjem, 1936) with plastic (Perspex) pestle. 
Centrifugal fractionation the suspensions was carried 
out refrigerated centrifuge (Measuring and Scientific 
Equipment Ltd., Angle 13) 0°. The standard incubation 
medium was similar that Du, Gaudette, Trousof 
Brodie (1955) and contained nicotinamide, 
MgCl, and buffer (pH 7-4) 
give final volume Known volumes tissue sus- 
pension, usually were incubated 37° with this 
medium ml. conical flasks Dubnoff metabolic 
shaking incubator (Precision Scientific, Chicago, 
standard medium before adding the flasks, and other 
additions were described the text. The gas phase was 
either obtained passing stream gas over 
the surface the liquid for min. through glass tubes and 
then closing the flasks with rubber bungs. 
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RESULTS 
Experiments with rat-tissue slices 


Rat liver, kidney and brain slices, and blood were 
incubated for min. with dimethylnitrosamine 
atmosphere O,. Control flasks contained 
boiled tissue slices tissue. The results, shown 
Table Expt. suggested that liver was the 
only tissue among those tested which could meta- 
bolize dimethylnitrosamine vitro. Liver slices 
were incubated atmospheres O,, air with 
added dimethylnitrosamine. shown Table 
Expt. complete breakdown added 
nitrosamine was obtained the presence O,, 
and breakdown was considerably reduced air. 
When was the gas phase, metabolism 
dimethylnitrosamine occurred. 

Approximately the same weights liver slices 
were incubated with dimethylnitrosamine for 
different periods. The amount the compound 
broken down was proportional the time 
incubation (Fig. A). similar experiment 
different weights liver slices were incubated with 
the same amount dimethylnitrosamine, and 
approximately linear relationship between the 
degree breakdown dimethylnitrosamine and 
the amount liver tissue was found. Different 
quantities dimethylnitrosamine were incubated 
with roughly the same weights liver slices 
483 mg.) for min. The results (Table indicated 
that, all concentrations used, similar amounts 
dimethylnitrosamine were broken down. 

The uptake liver slices respiring 
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medium containing glucose was measured the 
presence 13-5 and 
its absence, during incubation period. 
first the consumption was not affected the 
dimethylnitrosamine, but incubation proceeded 
the slices incubated with dimethylnitrosamine 
showed greater decrease consumption than 
the control slices (Fig. 2), suggesting the possible 
formation inhibitory metabolite. 


Percentage breakdown 


Time incubation (hr.) 


Fig. Breakdown dimethylnitrosamine with different 
times incubation. Approximately equal weights 
rat-liver slices (352-366 mg.) were incubated with yg. 
dimethylnitrosamine. Equal volumes ml.) 
rabbit-liver microsome cell-sap fraction were incubated 


Table Recovery dimethylnitrosamine after incubation with rat-tissue slices 


Expt. Tissue slices blood were incubated with dimethylnitrosamine for min. 37° atmosphere 
Expt. Liver slices were incubated with dimethylnitrosamine under various conditions, indicated. 


Expt. Expt. 
A. ~ A. 
Wt. nitrosamine Wt. nitrosamine 
tissue recovered tissue Gas recovered 
Tissue (mg.) Tissue (mg.) phase 
Liver slices 294 Liver slices 424 0-0 
306 457 0-0 
390 29-0 
Kidney slices 205 57-0 Liver slices 515 Air 
256 57-0 521 Air 23-0 
Brain minced 317 57-0 Liver slices 420 29-0 
Brain slices 360 58-2 474 27-0 
Brain minced 370 57-0 
Blood 0-5 ml. 58-2 Boiled slices 430 28-2 
0-5 ml. 60-2 29-0 
0-5 ml. 
Control Boiled liver slices 55-6 tissue added 
(300 mg.) 
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Table Effect variation amount added dimethylnitrosamine recovery 
after incubation with rat-liver slices 


1958 


Liver slices were incubated with dimethylnitrosamine for min. 37° atmosphere O,. 


Dimethyl- Difference 
Wt. nitrosamine nitrosamine 
liver slices added recovered Wt. 

449 30-0 30-0 100 

432 60-0 24-2 

461 150-0 119-6 30-4 

433 300-0 262-0 38-0 
but preparations rabbit liver were found 
more active. Even with rabbit liver, however, the 
activity was very variable and, from time time, 

completely inactive preparations were obtained. 

with rat-liver slices, breakdown 
nitrosamine rabbit-liver homogenates was 
nitrosamine occurred aerobically, but almost all 
the added compound was recovered after incuba- 
tion N,. Moreover, the recoveries from the 
anaerobic system were the same that after 
incubation with the standard medium alone 
Dimethylnitrosamine was incubated with homo- 
genates prepared from rabbit liver, kidney, spleen, 
heart lung under the standard conditions, the 
recoveries being shown Table Apart from the 


Time incubation (hr.) 


Fig. Respiration rat-liver slices the presence 
dimethylnitrosamine. Liver slices (115-141 mg.) were 
incubated phosphate containing glucose 
(0-01m): oxygen uptake was measured manometrically. 
Similar system but with addition 
nitrosamine 13-5 final concentration. 

Table Recoveries dimethylnitrosamine after 
incubation with homogenates various rabbit 
tissues oxygen nitrogen 


Homogenates the different tissues were incubated 
with dimethylnitrosamine under the standard 


Dimethyl- 
nitrosamine 
recovered recovered Difference 

Liver 31-0 19-5 
Kidney 29-0 
Spleen 30-0 30-0 
Heart 30-0 30-0 
Lung 31-0 


31-0 


Experiments with broken-cell preparations 
rabbit tissue 
preliminary experiments, breakdown di- 
methylnitrosamine the presence rat-liver 
homogenates was found capricious and slow, 


very small loss the presence kidney homo- 
genate, which probably within the limits 
error, the liver was the only tissue which caused 
breakdown dimethylnitrosamine. This experi- 
ment also provides good check the experi- 
mental technique, since there good agreement 
between the recoveries after incubation 
with all the inactive tissues, and with the liver 
homogenate incubated 

The results shown Table suggested that 
flasks containing the complete system under study 
and incubated could used controls for 
the same systems incubated simultaneously O,, 
and this method was used all subsequent experi- 
ments. Loss dimethylnitrosamine was measured 
the difference the recoveries from the anaero- 
bic and the aerobic systems, usually expressed 
percentage the anaerobic recovery. 

Fractionation the homogenate. 
homogenate was centrifuged 8500 for min. 
sediment the nuclear and mitochondrial 
fractions. The supernatant fluid, containing the 
microsome and cell-sap fractions, was decanted, 
and the sediment was resuspended 
phosphate buffer containing nicotinamide 
that the volume was equal that the original 
homogenate. The activity these two fractions 
was compared with that the whole homogenate, 
portion which was kept chilled ice during the 
centrifuging. All the activity the whole homo- 
genate was recovered the microsome cell-sap 
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fraction (Table Expt. and none remained 
the nuclear+mitochondrial fraction. similar 
experiments adequate amounts TPN and DPN 
Fig. were added nuclear mitochondrial 
fractions incubated with dimethylnitrosamine, but 
breakdown was obtained. 

another experiment, after preliminary centri- 
fuging above, the sediment was discarded and 
the supernatant fluid was centrifuged 
for hr. order effect further separation into 
the microsome and cell-sap fractions. The activity 
each separate fraction was then compared with 
that the two fractions recombined. Negligible 
breakdown dimethylnitrosamine was found with 
either fraction separately, but there was substantial 


Table Breakdown dimethylnitrosamine 
subcellular fractions rabbit liver 


Expt. Rabbit-liver homogenate was centrifuged 
8500 for min. sediment the nuclear mitochondrial 
fraction, which was resuspended buffer, 
7-4, containing 0-1% (w/v) nicotinamide. The two 
fractions were then incubated with 
nitrosamine under the standard conditions. Expt. 
Liver homogenate from another rabbit was centrifuged 
Expt. and the nuclear and mitochondrial fraction dis- 
carded. The supernatant was centrifuged for 
2hr. sediment the microsome fraction, which was re- 
suspended buffer and both fractions were incubated with 
dimethylnitrosamine before. 

Breakdown 


added 
dimethyl- 
nitrosamine 
Expt. Preparation (%) 

homogenate 
Nuclear and mitochondrial fraction 
Microsome and supernatant fraction 

fraction 
Supernatant fraction 
Recombined microsome and super- 


natant fraction 


Table Cofactor requirements for breakdown di- 
methylnitrosamine the microsome and super- 
natant fraction rabbit-liver homogenate 


The microsome fraction was dialysed for 
and its activity compared with that un- 
dialysed sample the same fraction under the standard 
condition incubation. The effect TPN and DPN was 
tested adding mg. the appropriate nucleotide per 


Breakdown 
added dimethyl- 


nitrosamine 
Preparation (%) 
Undialysed 
Dialysed 
Dialysed 
Dialysed DPN 
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activity when the two fractions were recombined 
(Table Expt. B). Several attempts were made 
restore the activity the microsome fraction alone 
the addition TPNH. The additions were made 
min. intervals during the incubation period 
(cf. Axelrod, 1955), but activity was obtained. 

most the following experiments the micro- 
some cell-sap fraction only was used. 

Effect dialysis and requirement for cofactors. 
preliminary experiments much variation was found 
the ability preparations retain their 
activity standing 2°. Occasionally activity 
was retained overnight, but sometimes was lost 
after only few hours. The time dialysis there- 
fore could determined only trial and error, 
the hope that undialysed preparations, kept the 
cold, would retain their activity. 
cell-sap fraction was tested immediately after 
preparation under the standard conditions and 
found break down the added 
nitrosamine. sample this preparation was 
dialysed for hr. against large volume 
phosphate buffer, 7-4, and another sample was 
kept chilled ice during the period dialysis. The 
dialysed sample was completely inactive, whereas 
the chilled undialysed sample retained full activity. 
This finding suggested requirement for dialysable 
cofactors, and the effect adding DPN and TPN 
dialysed preparations was tried, with the results 
shown Table Activity was completely 
removed dialysis and substantial degree 
recovery was obtained the addition TPN 
DPN. There was extra effect when the two 
cofactors were added together. 

The effect varying amounts added coenzyme 
shown Fig. TPN was always found 
rather more effective than DPN. The addition 
ATP dialysed preparations, amounts high 
mg./flask, did not cause any significant return 
activity. The addition DPN and TPN 
undialysed homogenates prepared the presence 
nicotinamide caused only slight increase 
activity, suggesting that there was adequate endo- 
genous pyridine nucleotide. 

variation the standard conditions. 
Volumes microsome cell-sap fraction varying 
from 0-5 ml. were incubated for hr. under the 
standard conditions with dimethylnitros- 
amine. The activity each concentration shown 
Fig. There was linear relationship between 
loss dimethylnitrosamine and quantity liver 
preparation. 

The amount dimethylnitrosamine broken 
down fixed quantity microsome cell-sap 
preparation increased approximately linear 
relationship with time during the first 
incubation (Fig. 1B), but after longer periods there 
was little further activity. 
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Effect inhibitors. The effects various in- 
hibitors the breakdown dimethylnitrosamine 
preparations incubated 
under the standard condition are shown Table 


DISCUSSION 


From the evidence presented this paper 
appears that there enzyme liver which 
catalyses the chemical breakdown 
nitrosamine. With the possible exception kidney, 
the liver appears the only tissue among those 
tested which capable metabolizing 
nitrosamine. This conclusion supported 
evidence from hepatectomized rats (Magee, 1956). 
not clear why broken-cell preparations rat 
liver should have lower activity than rabbit pre- 
parations. However, similar findings have been 
reported al. (1955) their work the 
aminopyrine. The concentration 
metabolic activity the 
fraction the liver and the requirement for 
pyridine nucleotides suggest that enzyme systems 
similar those described Brodie al. (1955) 
and Booth Boyland (1957) may involved. 
The failure obtain activity the addition 
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Fig. Requirement pyridine nucleotides for break- 
down dimethylnitrosamine. Microsome cell-sap 
preparations rabbit liver were dialysed until free from 
activity, and then incubated with dimethylnitrosamine 
under the standard conditions. Effect added TPN; 
effect added DPN. 


MAGEE AND VANDEKAR 


1958 


TPNH microsomes alone does not necessarily 
indicate fundamental difference may due 
instability the enzyme system which meta- 
bolizes dimethylnitrosamine. Some the liver 
enzymes which metabolize foreign compounds are 
very unstable (B. Brodie, personal communica- 
tion). 

The finding that DPN well TPN could 
restore activity after dialysis contrary the 
experience Brodie al. (1955). Other workers, 
however, have shown requirements for DPN 
similar systems. Davison (1955) and O’Brien 
(1957) showed that the enzymic conversion the 
insecticides schradan and parathion from weak 
into strong inhibitors cholinesterase required 
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Percentage breakdown 


Vol. microsome cell-sap fraction 

Fig. Breakdown dimethylnitrosamine different 
amounts rabbit-liver preparation. Different volumes 
rabbit-liver microsome cell-sap fraction were incubated 
with dimethylnitrosamine under the standard 
conditions. 


Table Effect inhibitors the breakdown 
dimethylnitrosamine broken-cell preparations 


Microsome preparations rabbit liver were 
incubated with dimethylnitrosamine under the standard 
conditions with inhibitors added final concentrations 
indicated. 


Inhibition 
breakdown 
Conen. 
inhibitor nitrosamine 
Inhibitor 
Todoacetate 
Mercuric chloride 1-0 100 
p-Chloromercuribenzoate 0-1 
p-Chloromercuribenzoate 1-0 
Azide 0-1 
Azide 1-0 
Cyanide 0-1 
Sodium fluoride 10-0 
SKF 525A 0-2 
SKF 525A 0-4 
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DPN. Mueller Miller (1953) have described 
enzyme system rat liver which demethylates 
4-dimethylaminoazobenzene and related dyes, and 
this requires both DPN and TPN. (1957) 
has shown that not only metabolism the azo 
dyes but also the formation the 
protein complex (Miller Miller, 1947) can occur 
vitro. both these reactions DPNH can 
some extent replace TPNH. 

The inhibition metabolism dimethylnitros- 
amine consistent with the findings 
Brodie al. (1955) most the metabolic 
conversions which they studied. The general 
pattern inhibition (Table resembles that 
reported for several other systems (Davison, 1955; 
Cooper Brodie, 1955) and confirms the similarity 
the enzyme system which breaks down 
nitrosamine those involved the metabolism 
other foreign compounds. Little known the 
metabolic products dimethylnitrosamine. Ex- 
tensive demethylation must occur vivo (Dutton 
Heath, 1956) and some formaldehyde produced 
incubation the compound vitro with rat- 
liver slices (unpublished results). The nitroso 
group must also altered since this the group 
which detected polarographically. 

The main purpose this work was gain 
information how dimethylnitrosamine injures 
the liver, and some the findings may relevant. 
seems possible that the concentration di- 
methylnitrosamine metabolism the microsome 
cell-sap fraction the liver may related the 
early inhibition incorporation labelled amino 
acids into liver proteins vivo which caused 
dimethylnitrosamine (Magee, 1957, 1958), since the 
microsome fraction the most active hepatic- 
protein synthesis (Hultin, 1950; Borsook, Deasy, 
Haagen-Smit, Keighley Lowy, 1950). Further- 
more, the same combination microsomes cell 
sap has been shown required for the incorpora- 
tion labelled amino acids into protein vitro 
(Keller Zamecnik, 1956). This will discussed 
the following paper. 


SUMMARY 


The metabolism dimethylnitrosamine 
vitro has been studied preparations rat and 
rabbit tissues. 

Slices and broken-cell preparations liver 
destroyed dimethylnitrosamine, but the other 
tissues tested were inactive. The reaction required 
oxygen. 
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The ability destroy dimethylnitrosamine 
was found only the microsome cell-sap fraction 
liver-tissue suspensions. Neither the microsomes 
nor cell sap was appreciably active alone, but 
activity was restored recombination. 

Activity was removed from tissue suspensions 
dialysis. could partially restored the 
addition tri- di-phosphopyridine 
the former was the more effective. 

The possible bearing these results the 
hepatotoxic action dimethylnitrosamine 
discussed. 


would like thank Barnes for his interest 
and advice and Jarvis for very valuable assistance. 
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Toxic Liver Injury 


INHIBITION PROTEIN SYNTHESIS RAT LIVER 
DIMETHYLNITROSAMINE VIVO 


MAGEE 
Toxicology Research Unit, Medical Research Council Laboratories, 
Woodmansterne Road, Carshalton, Surrey 


(Received November 1957) 


Dimethylnitrosamine has been shown cause 
acute haemorrhagic centrilobular necrosis the 
liver several mammalian species (Barnes 
Magee, 1954). can also produce malignant 
tumours the liver the rat after prolonged 
administration (Magee Barnes, 1956). The com- 
pound rapidly metabolized vivo, probably 
exclusively the liver (Magee, 1956; Dutton 
Heath, 1956). appears uniformly 
buted throughout the body water soon after 
administration, without preferential accumulation 
the liver. The metabolism the compound 
vitro has been studied (Magee Vandekar, 1958) 
and found occur only the non-mitochondrial 
part the cytoplasm. The metabolism vitro has 
many features common with that the carcino- 
genic azo dyes and many other foreign compounds. 
all these systems the microsome fraction 
responsible for the activity. Some histochemical 
and chemical changes rat liver during the 
development the necrosis have been studied 
(P. Magee, preparation) amplification 
earlier histological work (Barnes Magee, 1954). 
The development the lesion the liver after 
necrotizing doses dimethylnitrosamine 
mg./kg. body wt.) regular and reproducible. 
Three hours after the dose there constant 
microscopical evidence damage, although there 
may discernible loss basophil 
material. 6hr. there definite loss cyto- 
plasmic basophilia the centrilobular zones but 
the nuclei appear intact. the same time there 
reduction chemically determined ribonucleic 
acid but not deoxyribonucleic acid, and the 
content the latter isolated nuclei not 
significantly altered. the necrosis develops, the 
parenchymal cell nuclei disintegrate, there 
increase stainable and chemically determined 
lipid and the hepatic glycogen greatly reduced. 
The centrilobular zonal character these changes 
must emphasized since there evidence 
active regeneration the periportal parenchyma 
hr. after the dose. was suggested that the 
metabolite might the cytoplasmic basophil 


material. This material has been shown corre- 
spond the endoplasmic reticulum seen the 
electron microscope (Porter, 1954), which turn 
believed correspond with the microsome material 
isolated differential centrifuging (Kuff, Hoge- 
boom Dalton, 1956). view these findings 
the effect dimethylnitrosamine 
synthesis the liver was studied, since the micro- 
somes are believed play dominant part this 
function (Hultin, 1950; Borsook, Deasy, Haagen- 
Smit, Keighley Lowy, 1950; Keller, Zamecnik 
Loftfield, 1954; Simkin Work, 1957a, b). This 
work reported the present paper. prelimi- 
nary account has already been given (Magee, 


MATERIALS AND METHODS 


Dimethylnitrosamine. This was obtained commercially 


and purified distillation (b.p. 151°). 


Isotopes. Mixed acids were obtained 


hydrolysate Chlorella protein (Catch, 1954) 
with specific activity approx. protein. 
The hydrolysate was dissolved NaCl before 
injection. was obtained solution inorganic 
orthophosphate sterile buffer (pH 
and was kindly standardized Stoner the 
method Stoner, Threlfall Green (1952). All isotopically 
labelled material was supplied The Radiochemical 
Centre, Amersham, Bucks. 

Animals. Albino rats the Porton strain were main- 
tained M.R.C. diet no. (Bruce Parkes, 1949). 


Conduct animal experiments 


Dimethylnitrosamine, suitably diluted with water, was 
given the rats stomach tube. The dose was mg./kg. 
body wt. Mixed acids were injected into tail 
vein without anaesthesia, containing approx. 
being given. Unless otherwise stated, the rats 
were killed min. after the injection. The solution was 
injected subcutaneously and the animals were killed hr. 
later. The details the experiments are shown the 
tables and Jegends for the figures. 


Preparation tissues 


Whole tissues. The rats were killed blow the head 
followed bleeding from the neck vessels. Samples 
liver and other tissues were removed quickly possible 
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and plunged into liquid N,. The frozen tissues were then 
rapidly weighed and disintegrated water with all- 
glass homogenizer (Potter Elvehjem, 1936) cold 
room 2°. 

Blood. The rats were anaesthetized with sodium pento- 
barbital (Veterinary Nembutal-Abbot) and the thorax was 
opened and the great vessels severed. Blood was collected 
with Pasteur pipette from the thoracic cavity and trans- 
ferred plastic centrifuge tube containing heparin, and 
plasma was obtained centrifuging. 

Cell fractionation. The livers were not frozen, but im- 
mersed ice-cold They were then blotted 
rapidly, weighed and disintegrated about vols. 
with modified homogenizer which 
Perspex pestle rotated 1500 rev./min. smooth-glass 
test tube with clearance 0-25 mm. The tube and pestle 
were cooled ice before use and the disintegration took 
less than The suspensions were fractionated 
differential centrifuging, essentially according Schneider 
(1948), refrigerated centrifuge (Measuring and 
Scientific Equipment Ltd., Angle 13). Nuclei and cell 
debris were sedimented 600g for min. and washed 
twice with cold The pooled supernatant and 
washings were then centrifuged 8500 bring down the 
mitochondrial fraction, which was also washed twice with 
sucrose. The washings were added the supernatant, from 
which the microsomal fraction was sedimented 000 
for hr. The supernatant, constituting the cell-sap fraction, 
was removed, and the microsomal pellet was not washed. 
All operations were carried out 0°. 


Analytical methods 


Glycogen. This was determined the method Good, 
Kramer Somogyi (1933), the glucose being estimated 
according Nelson (1944). 

Phosphorus. This was determined modification 
the method Fiske Subbarow (1925). Separation the 
phosphorus-containing fractions liver into acid-soluble, 
lipid and residual phosphorus was done the procedure 
purified ribonucleic acid (RNA) was prepared according 
Davidson Smellie (1952). Plasma inorganic phosphorus 
was precipitated the method Stoner al. (1952). 

Free amino acids liver. These were extracted the 
procedure Awapara (1948). Their concentration was 
measured titrimetrically, after trapping baryta the CO, 
ninhydrin, according Van Slyke, MacFadyen 
Hamilton (1941). 

Determinations radioactivity. Radioactivity tissue 
proteins was determined according Simkin Work 
(1957a). The dry protein powders were assayed ‘infinite 
thickness’ polythene planchets 1950). For the 
determination the radioactivity the free amino acids, 
the CO, released ninhydrin from fraction the 
extract was trapped NaOH. suitable amount 
Na,CO, was added that enough carrier BaCO, was 
produced the addition excess BaCl, permit assay 
‘infinite thickness’. The BaCO, was collected weighed 
sintered-glass disks filtering the slurry with gentle 
suction, and was washed with water, ethanol and ether. 
After drying, the disks were weighed again give the 
weight BaCO, (about 200 mg.) and assayed for radio- 
activity. The CO, released ninhydrin from another 
fraction the free amino acid extract was determined 
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titrimetrically and the weight BaCO, corresponding 
this CO, was calculated. The specific radioactivity the 
free amino acids expressed counts/min. the sample 
the disk multiplied the wt. BaCO, the 
disk and divided the wt. BaCO, derived from the 
free amino acids. Radioactivity material containing 
was determined the solutions the blue phospho- 
molybdic acid complex obtained the Fiske Subbarow 
(1925) procedure. all measurements radioactivity 
enough counts were taken reduce the counting error 
below 2%. Solid samples were assayed with end- 
window counter (G.E.C. EHM25) and liquids with 
counter (20th Century Electronics Ltd.). 

Where appropriate, experimental results are expressed 
the deviation and statistical 
comparison the means made Student’s test, 
modified Fisher (1934) for small samples. 


RESULTS 


preliminary study was made the incorporation 
the mixed acids into the proteins 
rat liver and its subcellular fractions various 
times after the injection the tracer (Fig. 1). 
expected, the microsomal fraction had the highest 
activity and the mitochondria the lowest. Incorpor- 
ation into kidney and spleen proteins was measured 
the same animals. The specific radioactivities 
kidney were rather higher and spleen substanti- 
ally lower than liver. the later experiments 
most the animals were killed min. after in- 
jection the tracer. 

Incorporation amino acids rats treated with 
dimethylnitrosamine was then studied. The specific 
radioactivities the liver, kidney and spleen 
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Fig. Uptake acids into proteins rat- 
liver and subcellular fractions. Whole 
nuclear fraction; mitochondrial fraction; micro- 
somal fraction; cell-sap fraction. 
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Table Effect dimethylnitrosamine uptake acids into proteins 
subcellular fractions rat liver 


Results are from the same animals Fig. Protein specific activities are expressed counts/min. infinite 
ness under conditions constant geometry. Number animals given parentheses. 


Protein specific activities (counts/min.) 
A 


Treated group 
Untreated 
(6) (2) (2) 
Nuclear fraction 31-5 
Microsomal fraction 102 


Protein specific activity (counts/min.) 


BCD 


BCD 


amino acids into rat proteins. Female rats 200 body 
wt. Pairs were killed and 6hr. after mg. 
dimethylnitrosamine/kg. body wt. was given orally. Six 
untreated rats were used controls. All animals re- 
ceived approx. acids intravenously 
hr. respectively after treatment with dimethylnitros- 
amine. 


proteins were determined, and the liver suspensions 
were fractionated into nuclear, mitochondrial, 
microsomal and cell-sap fractions whose protein 
specific activities were also determined. The results 
with whole liver, kidney and spleen are shown 
Fig. the liver there was probably effect 
hr. after dimethylnitrosamine, but and hr. 
there were marked falls the specific activities. 
the spleen and kidney, however, there was 
obvious effect. These findings suggest that di- 
methylnitrosamine causes early depression 
protein metabolism the liver, without effect 
the other tissues. The protein specific activities 
the subcellular fractions liver are shown 
Table The well-known high activity the micro- 
somal fraction was again observed, and the de- 
pression due dimethylnitrosamine occurs 
about the same extent all the fractions. 
similar depression uptake labelled amino acids 


was observed two rats, hr. after the same dose 
dimethylnitrosamine, which were killed min. 
after intravenous injection the tracer. 

Since there possibility vascular disorder 
poisoned livers the observed reduction 
corporation amino acids may have been caused 
failure the tracer reach the liver cells. The 
activity the free amino acids the liver was 
therefore examined. The specific activities whole 
liver and kidney protein and the concentration and 
specific activities the free amino acids were 
determined. There was significant alteration 
the concentration and specific activity the free 
amino acids the specific activity the kidney 
protein, but the liver-protein activity was reduced 
about the treated animals (Table 2). 
seems reasonable conclude therefore that this 
depression caused disturbance the 


Table dimethylnitrosamine the in- 
corporation amino acids into protein and into 
the free amino acid pool rat liver vivo 


Female rats, 200 body wt. The treated group received 
mg. dimethylnitrosamine/kg. body wt. orally hr. 
before death. Both groups received approx. 
acids intravenously min. before death. The 
specific activities the proteins and BaCO, derived from 
CO, released from the free amino acids the ninhydrin 
method are expressed counts/min. ‘infinite thick- 
ness’ under conditions constant geometry. Five animals 
were used each group. 


Untreated Treated 

group group 

Specific activity liver protein 84-2 

+3-9 

Specific activity kidney 98-4 

protein 

Free amino acid concentration 426-6 

liver (ug. amino N/g. +34-6 

wet wt.) 

Specific activity free amino 2625 2597 
acid +182 +164 
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Table dimethylnitrosamine the incorporation into some 
phosphorus-containing fractions rat liver vivo 


Female rats, body wt. The treated group received mg. dimethylnitrosamine/kg. body wt. orally hr. 
before death, and both groups received body wt. subcutaneously before death. The relative 


specific activities were calculated follows specific activity): acid-soluble 


R.S.A. lipid 


s.A. acid-soluble 


alkali-soluble Six animals were used each group. 


acid-soluble 


Concentration 


(mg. P/100 liver wet wt.) 


specific activity 


Untreated Treated Untreated Treated 

Constituent group group group group 
Acid-soluble phosphorus 102-6 99-3 1-08 1-28 
+0-22 

0-1>P>0-05 
Lipid phosphorus 103-3 105-3 1-21 1-41 
+0-20 

Alkali-soluble phosphorus 111-6 89-5 4-18 4-44 
+0-26 


mechanism incorporation amino acids rather 
than their failure reach the liver cell. 

corporation into some phosphorus-containing 
fractions the liver was then studied. The concen- 
trations and specific radioactivities the plasma 
inorganic phosphorus, and liver acid-soluble, lipid 
and alkali-soluble phosphorus fractions (Davidson 
al. 1951) were determined. The concentrations 
and relative specific activities, calculated shown, 
are given Table There are significant 
differences between the treated and the control 
animals except for the concentration alkali- 
soluble phosphorus, where there significant 
fall. heterogeneous nature the alkali- 
soluble phosphorus fraction has been emphasized 
Davidson Smellie (1952). Since contains 
phosphorus compounds low concentration but 
with high activity, seemed possible that 
these might mask change the specific activity 
the RNA the fraction. The incorporation 
into partially purified RNA prepared according 
Davidson Smellie (1952) was therefore studied. 
Ten rats were given five having had prior 
treatment with dimethylnitrosamine, the experi- 
mental conditions being the same before. The 
specific activities the RNA phosphorus and the 
total acid-soluble phosphorus were determined and 
the relative specific activity the 
phorus was calculated with reference acid-soluble 
phosphorus. The results were: dimethylnitros- 
amine-treated rats, mean control rats, 
the difference between the means, indicating that 
the reduction the incorporation into the 
RNA fraction significant. 


view the marked reduction incorporation 
amino acids into liver protein observed hr. 
after dimethylnitrosamine (Table 2), determina- 
tions hepatic glycogen were made the same 
time, since this constituent has been known for 
many years very sensitive liver poisons 
(Drill, 1952). Eighteen rats were used, nine having 
received dimethylnitrosamine body 
wt. orally) hr. before death, and the remainder 
were untreated. Because the marked diurnal 
liver glycogen all the animals were 
killed the same time day (12.00 noon). The 
results were: dimethylnitrosamine-treated rats, 
mean g./100 wet wt.; control rats, 
mean 0-58 g./100 wet wt. The test gave 
indicating significant difference. 


DISCUSSION 


The significance biochemical changes toxic- 
liver necrosis difficult assess because they may 
simply indicate death impending death cells. 
The earlier change can detected after giving 
the poison the more likely give clue the 
fundamental biochemical lesion. the present 
work the most striking early effect dimethyl- 
nitrosamine was the reduction incorporation 
amino acids into liver protein. Incorporation was 
reduced about 50% 3hr. after necrotizing 
dose and this percentage 
may indicate greater reduction the cells which 
will ultimately die, since the necrosis zonal. 
Current views protein biosynthesis have been 
discussed Borsook (1956) and Simkin 
Work The necessary factors appear 
free amino acids, energy source, probably 
1958, 
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adenosine triphosphate, and enzyme systems for 
the activation the amino acids and for their 
linkage together the correct order form 
specific proteins. rat liver the activating enzyme 
occurs the cell-sap fraction and the most active 
incorporation occurs the microsome protein. 
Several variants the template hypothesis have 
been advanced explain the replication specific 
protein molecules, and RNA, particular, has 
been suggested possible template. Inhibition 
protein synthesis could occur interference with 
any these factors. Obviously the observed effect 
dimethylnitrosamine could explained the 
injected acids were not reaching the sites 
incorporation the liver cell and this could 
the case the blood supply the liver was im- 
paired. This possibility emphasized the 
ischaemic theory centrilobular necrosis (Hims- 
worth, 1947) and the finding Henriques, 
Henriques Neuberger (1955) that incorporation 
amino acids into liver protein dependent 
blood flow. However, the liver blood flow has been 
shown increased during the development 
necrosis due dimethylnitrosamine (Stoner, 1956). 
This, together with the finding normal labelling 
the free amino acid pool the liver (Table 2), 
makes failure access the pool very unlikely. 
There significant alteration the concentra- 
tion adenosine di- tri-phosphate hr. 
after the same necrotizing dose dimethylnitros- 
amine (C. Threlfall, personal communication) 
and there marked fall liver temperature 
until hr. (Stoner, 1956), suggesting that energy 
production not impaired. appears therefore 
that the lesion the enzymic mechanisms 
incorporation. The reduction uptake into 
partially purified RNA not unexpected view 
the widely found relationship between RNA and 
protein synthesis (e.g. Brachet, 1955). 

The significance the reduction incorporation 
amino acids into the liver protein and into 
RNA difficult assess relation the mech- 
anism cell injury. this time after 
giving the poison) histological damage minimal 
absent and there significant change the 
concentration free amino acids (Table 
glycogen. the concentration and relative 
specific activities the acid-soluble and lipid 
phosphorus are still unchanged (Table 3), well 
water content, sodium, potassium and deoxy- 
ribonucleic acid (P. Magee, preparation). 
Thus although the cells are dying, they still 
retain much their normal structural and chemical 
architecture. 

may significant that the same subcellular 
fractions (microsomes+cell sap) are involved 
amino acid incorporation vitro (Zamecnik 
Keller, 1954; Keller Zamecnik, 1956) and the 
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metabolism dimethylnitrosamine (Magee 
Vandekar, 1958). The early inhibition protein 
synthesis could explained damage micro- 
some structures either dimethylnitrosamine 
itself, perhaps ‘activated’ some way, 
toxic metabolite product high local concentra- 
tion close the site most active amino acid in- 
corporation. the other hand, there may 
specific inhibition protein synthesis, but 
whether such inhibition could expected 
kill the cell not clear since the significance the 
dynamic state the body constituents still 
unknown. 

The suggestion that some liver toxins may inter- 
fere with protein metabolism has been made 
several workers. Popper, Huerga Koch- 
Weser (1954) have advanced theory ‘con- 
ditioned amino acid deficiency’ explain the 
lesions due bromobenzene and ethionine. There 
evidence that ethionine incorporated into tissue 
protein, with the formation abnormal proteins 
(Levine Tarver, 1951; Gross Tarver, 1955), and 
Simpson, Farber Tarver (1950) have shown inhi- 
bition incorporation labelled amino acids into 
liver protein shortly after administration the 
abnormal amino acid female rats. Some re- 
semblances between the lesions produced the 
carcinogenic azo dyes and dimethylnitrosamine 
have been discussed previously (Magee Barnes, 
1956). Most work with the azo dyes has been con- 
cerned with tumour production feeding with the 
compounds, but Orr Price (1948) have shown 
that large single doses can produce acute centri- 
lobular necrosis. Miller Miller (1947) showed that 
firmly bound complex formed 
the livers rats, and have suggested that this 
process may related the mechanism pro- 
duction the lesions (Miller Miller, 1953). The 
early stages dye-binding rat liver have been 
found the complex early hr. 
after intraperitoneal injection and, this early 
stage, the concentration bound dye was highest 
the microsomal fraction. subfractionation 
the microsome material, however, the greatest 
amount bound dye was found fractions with 
low RNA content, suggesting that the mechanism 
dye ‘incorporation’ was different from. the in- 
corporation amino acids. more recent work 
Hultin (1957) has demonstrated that the dye- 
protein complex can formed vitro micro- 
some preparations, but only when the dye being 
metabolized. Hultin has concluded that 
microsomal structures with their vital anabolic 
functions are particularly exposed profound 
disturbances the carcinogenic azo compounds’. 
Having regard the findings Magee Vandekar 
(1958) the metabolism dimethylnitrosamine 
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vitro, the results the present work suggest 
similar conclusions working hypothesis for the 
mechanism action this compound. 


SUMMARY 


study has been made the turnover 
some rat-liver constituents during the early stages 
toxic liver necrosis produced dimethylnitros- 
amine. 

Incorporation acids into liver 
proteins was markedly reduced and hr. after 
necrotizing dose (50 mg./ 
kg. body wt.). This reduction occurred about the 
same extent the different subcellular fractions 
liver. Incorporation into kidney and spleen pro- 
teins was unimpaired. 

The concentration free amino acids the 
liver was not significantly altered 3hr. after 
dimethylnitrosamine, nor was the incorporation 
labelled amino acids into the free amino acid pool. 
The incorporation into the liver proteins these 
animals was reduced about 50%. 

Incorporation into phosphorus-contain- 
ing fractions rat liver was studied during the 
period after the necrotizing dose di- 
methylnitrosamine. There was significant 
alteration the relative specific activities the 
acid-soluble phosphorus, the lipid phosphorus and 
the residual phosphorus (alkali-soluble phosphorus). 
Incorporation into partially purified ribonucleic 
acid was significantly reduced during this period. 

phosphorus, liver acid-soluble phosphorus and 
lipid phosphorus were not significantly changed 
hr. after dimethylnitrosamine. The concentration 
residual phosphorus (alkali-soluble phosphorus) 
was significantly reduced. 

The concentration liver glycogen was not 
significantly altered after the same dose 

The results are discussed relation mor- 
phological and metabolic findings published else- 
where. suggested that the initial damaging 
action dimethylnitrosamine the liver cell may 
the microsomal structures. 


would like thank Barnes for his interest 
this work; Drs Work and Simkin for advice and 
discussion, and Batchelor for very valuable assistance. 
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has been known for some time that etiolated 
seedlings many plants (e.g. maize, wheat, barley 
and sunflower) synthesize carotenoids when germi- 
nated under the most stringent conditions light- 
exclusion (Beck, Strain, 1938). Xantho- 
phylls generally predominate and the individual 
pigments are usually the same those xantho- 
phyils found green leaves (Beck, Strain, 
1938); normally present only 
traces (Blaauw-Jansen, Komen Thomas, 1950; 
Kay Phinney, 1956). 

According Kay Phinney (1956) illumination 
etiolated maize seedlings results within the first 
commensurate increase the xanthophyll 
fraction. Because this observation was con- 
sidered that illuminated etiolated maize seedlings 
should provide good experimental material for 
examining the biosynthesis B-carotene photo- 
synthetic tissues higher plants. The present 
paper report investigation the in- 
corporation labelled materials known 
carotenoid precursors other organisms (Braith- 
waite Goodwin, 1957), into synthe- 
sized illuminated etiolated maize seedlings. 

Part this work has already been briefly re- 
ported (Goodwin, 


Culturing seedlings. Maize (South African Horse 
Tooth) seeds were soaked overnight water, then planted 
trays containing cm. layer damp, acid-washed 
silver sand and kept the dark warm room 28°. 
The seedlings were watered each morning, during which 
time min.) they were exposed weak red light, 
just sufficiently intense see carry out the watering. 
When required the seedlings were removed from the sand, 
washed with water, placed distilled water small beakers 
and exposed the warm room the light from 100w 
tungsten lamp distance 50cm. Excised seedlings 
were prepared simply cutting off the roots the node 
connecting root and stem. The excised stems were then 
placed water and illuminated the same way whole 
seedlings. 


Part 24: Goodwin 


Uptake carbon dioxide seedlings. The seedlings, 
either intact excised, were placed water small 
beakers which were then placed 31. glass vessel 
(vacuum desiccator). The requisite amount was 
weighed into small ignition tube and then sufficient un- 
labelled BaCO, added give atmosphere containing 
(v/v) CO,. The tube was then lowered piece 
thread through the neck the vessel into beaker con- 
taining lactic acid, which slowly liberated the CO,. The 
bung the vessel was replaced immediately after tipping 
the into the acid, and the vessel was illuminated for 
hr. under the conditions described above. 

Extraction pigments. About 6-10 seedlings (after 
removal their roots) excised stems were cut into small 
pieces which were immediately dropped into mortar con- 
taining acid-washed silver sand and acetone (about ml.). 
The tissues were thoroughly ground and the mixture 
was transferred sintered-glass filter and filtered. 
The vacuum was removed, further acetone ml.) 
added, the mixture extracted situ stirring and grind- 
ing with glass rod with flattened end and then filtered. 
This process was repeated (usually 3-4 times) until the 
filtrate was colourless. equal volume ether was 
added the combined acetone extracts separating 
funnel, followed water dropwise until two layers formed. 
The aqueous layer was discarded and the ether layer twice 
washed with small volumes water free from acetone. 
The ethereal solution was dried standing for 0-5 hr. over 
anhydrous filtered through sinter, and either 
total chlorophyll content was required, first made 
suitable volume for spectrophotometric examination before 
evaporation dryness. 

The dry residue was then saponified, the unsaponifiable 
matter extracted our standard procedures (Goodwin, 
1955) and dissolved light petroleum (the fraction with 
b.p. 40-60° was used throughout this investigation). The 
pigments the unsaponifiable extract were first separated 
chromatography icing sugar (Goodwin, 1958a); 
and most the sterols are not held this 
adsorbent and run straight into the filtrate. The 
was then further purified chromatography column 
alumina weakened with methanol (Goodwin, 1955). The 
B-carotene zone was eluted with light petroleum containing 
(v/v) ethyl ether and diluted with light petroleum 
volume appropriate for spectrophotometric assay. After 
assay the solution was concentrated 30° under 
3-5 ml. and quantitatively transferred ml. tapered 
centrifuge tube ready for crystallization. 

Crystallization the B-carotene. only about 100 yg. 
was usually isolated from the seedlings, was 
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after addition unlabelled carrier material. 
Crystalline B-carotene (synthetic: Roche and 
Co., Basel, Switzerland) (3-5 mg.) dissolved ethyl ether 
(5-10 ml.) was added the labelled extract 
the centrifuge tube. After thorough mixing the contents, 
the centrifuge tube was placed warm-water bath (30°) 
and gently rotated stream was directed into the 
tube. When the volume solvent had been reduced 
approximately half, the tube was tightly bunged and placed 
cold room 25°) overnight. The following day the 
resulting crystals were centrifuged down (low-speed 
M.S.E. Minor centrifuge; min.) and the supernatant 
was decanted. The crystals were then washed twice with 
cold (0°) methanol ml.), being again centrifuged after 
each washing. The crystals were finally dissolved ethyl 
ether (5-25 ml. according activity) for 
assay, and small volume ml.) was diluted appro- 
priately for spectrophotometric assay. After the sample 
had been counted, the solvent was removed 30° under 
from the residual solution and the recrystal- 
lized the manner just described. This process was 
repeated until constant specific activity was attained. 

Preparation and extraction chloroplasts. Chloroplasts 
were prepared described previously (Goodwin, 
The chloroplast suspension was centrifuged down, the 
supernatant removed, and the chloroplast pellet extracted 
according the procedure just described for whole tissues. 
The residual pigments, any, present the supernatant 
were extracted adding equal volume ethanol, 
heating boiling-water bath for min., cooling and 
shaking twice with light petroleum, each time with 
volume equal that the original supernatant. The 
combined extracts were then reduced 30° under 
volume suitable for spectrophotometric assay. The residue 
remaining after extracting the chloroplasts were extracted 
the same way whole tissues. 

Spectrophotometric assay. The standard methods for 
chlorophylls (Smith Benitez, 1955) and carotenoids 
(Goodwin, 1955) were used throughout, with Unicam 
SP. 600 photo-electric spectrophotometer. 

Labelled materials. and were 
purchased from A.E.R.E., Harwell, Bucks, and 
mevalonate was very kindly synthesized Corn- 
forth. 

Assays. The materials were plated planchets 
using small disks lens paper (Glover, 1956) and counted 
means proportional counter (Nuclear Measurements 
Corp., Indianapolis, U.S.A.) (50% The counts 


STUDIES CAROTENOGENESIS 


613 


were continued give accuracy +5%. The amounts 
material the planchets were small that errors due 
self-absorption were insignificant (less than 10%) and 
corrections were never made. 


RESULTS 
Effect illuminating etiolated seedlings 


Experiments were usually carried out etiolated 
seedlings between and days old; preliminary 
investigations with seedlings various ages showed 
that such seedlings had very similar 
levels and that the pattern synthesis 
illumination was also similar. Table records 
some typical figures for the carotenoid content 
7-day etiolated seedlings before and after illumina- 
tion for 24hr. The pigments from the etiolated 
plants are almost entirely xanthophylls and their 
concentration much less than that normal 
green leaves [total carotenoids about mg./ 
100 fresh wt. (Goodwin, 1952)]. Illumination 
the seedlings results the synthesis both 
carotene and xanthophylls, and the ratio light- 
synthesized light-synthesized xan- 
thophylls typical normal green leaves. Even 
after hr. illumination the total concentration 
much less than that mature 
leaves. The observations Kay Phinney (1956) 
that, during the first hr. illuminating maize 
seedlings, only synthesized was not 
confirmed. This may due varietal 
they used single cross-strain 

Excised etiolated seedlings also synthesize caro- 
tenoids illumination and the results obtained 
(Table were very similar those found with 
whole seedlings. 


Incorporation and 
into etiolated seedlings 
The labelled acetate mevalonate was added 
without dilution with inert material the water 
which the seedlings were placed for exposure 
light. Preliminary experiments showed that 


Table Carotenoid synthesis etiolated maize seedlings 


7-day seedlings were illuminated for hr. under tungsten lamp cm. distance. Temp. 28°. 


pigment 
(mg./100 fresh wt.) B-Carotene 
A 


total 


Intact seedlings B-Carotene Xanthophylls pigments 
~ 
Before illumination 0-07 1-19 
After illumination 0-94 
Increase conen. after illumination 0-87 1-94 31-0 
Excised seedlings 
Before illumination Trace 1-19 
After illumination 2-56 
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Table Incorporation and DL- 
into the unsaponifiable matter 
illuminated, excised etiolated maize seedlings 


6-day excised seedlings were illuminated for hr. the 
presence labelled substrate under conditions given 
1-8 
Total activity 
(counts/min.) 


Fraction Acetate Mevalonate 
Total unsaponifiable matter 405 000 506 000 

500 920 
2nd cryst. 350 
3rd cryst. 320 
4th cryst. 410 
Counts expected assuming 000 500 


unsaponifiable matter 


significant uptake either compound was 
observed illuminating intact etiolated seedlings, 
i.e. they were unable penetrate the intact root 
system. Marked uptake was, however, obtained 
with excised seedlings and these were used all 
further experiments. Table gives the results 
typical experiments with both substrates. Al- 
though both cases there considerable in- 
corporation into the unsaponifiable material the 
seedlings, the incorporation into not 
detectable with the labelled acetate and, although, 
definite, only very slight with mevalonate. The 
incorporation from mevalonate much less than 
would expected even the basis the per- 
centage the total unsaponifiable matter repre- 
sented even though illumination 
being rapidly synthesized, whereas 
synthesis the remaining unsaponifiable material, 
mainly steroids, negligible. Many experiments 
show that 24hr. illuminated seedlings 
carotene represents between 0-3 and the 
total unsaponifiable matter. The same results are 
obtained excised seedlings are placed contact 
with labelled acetate mevalonate for hr. 
the dark, before being brought into the light. 
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was considered that there were pool ‘dark’ 
precursors present, the acetate 
mevalonate would equilibrate with them during the 
hr. contact the dark, but again there was 
significant incorporation into the 

The distribution activity the unsaponifiable 
matter different with the two labelled substrates, 
Table shows that much more activity (about 30% 
the total) appears the weakly adsorbed ‘pre- 
B-carotene fraction’ when labelled mevalonate 
used than when labelled acetate used (about 
5%). This type distribution was confirmed 
other experiments and also paper chromato- 
graphy with the solvent system Loeffler (1955). 
was also demonstrated that none this labelling 
was due trace contamination with mevalonate 
itself. This aspect the problem was not pursued 
further but infrared spectrum the crude ‘pre- 
fraction’ indicated that was 
oxygen-free, long-chain, paraffin-like compound. 


Incorporation into etiolated seedlings 


When used substrate with either 
intact excised seedlings, there marked 


Table Incorporation into the unsaponi- 
fiable matter illuminated, intact and excized 
maize seedlings 


6-day seedlings were illuminated for under the 
conditions given Table and exposed glass vessels 
atmosphere containing (v/v) Counts 


Total activity 


(counts/min.) 


Intact Excised 

seedlings seedlings 

Total unsaponifiable matter 125 000 142 000 

Ist cryst. 500* 000 

2nd cryst. 200 000 

3rd cryst. 200 800 

4th 500 600 

expected assuming 650 700 


unsaponifiable matter 


Unexpectedly low. 


Table Distribution labelling the unsaponifiable matter excised etiolated maize seedlings 
illuminated the presence and 


6-day excised seedlings were illuminated Table Unsaponifiable matter was chromatographed weakened 
alumina; the developer was light petroleum (b.p. 40-60°) containing varying amounts ethyl ether. 


Fractions order 
increasing adsorptive 

affinity 
Unknown Light petroleum 
Unknown 
(crude) 
Sterols 


Solvent required for elution 


Light petroleum (v/v) ether 
Light petroleum (v/v) ether 
Light petroleum (v/v) ether 


Total activity (counts/min.) 
A 


300 000 
700 000 

000 800 
400 144 000 
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Table Intra- and extra-plastidic distribution carotenoids illuminated 
excised etiolated maize seedlings 


6-day seedlings were illuminated for hr. under the conditions described Table the chloroplast was prepared 


described under Experimental. 


Conen. carotenoid 


(mg./100 fresh wt.) 


Chloroplasts Residue Total 
Before illumination 
Total carotenoids 1-19 1-19 
After illumination 
Total carotenoids 1-61 0-85 2-56 
0-61 Trace 0-61 


total carotenoids 


preferential incorporation label into 
compared with that appearing the other un- 
saponifiable constituents; ten times that 
expected from simple quantitative analysis the 
unsaponifiable matter observed (Table 4). 


Distribution B-carotene chloroplasts 
and whole seedlings 


The results just described strongly suggested 
that was being synthesized from photo- 
synthetically-fixed CO,. this were synthesis 
would most likely occur into the chloroplasts, the 
development which are stimulated light, and 
which photosynthesis takes place. Further, 
the carotenoids normal green leaves are entirely 
concentrated the chloroplasts (Goodwin, 1952, 

Table gives the results typical carotenoid 
analysis the chloroplasts and extra-plastidic 
residue illuminated etiolated maize seedlings. 
They show that (i) the extra-plastidic carotenoids 
represent quantitatively and qualitatively the 
pigments present unilluminated etiolated seed- 
lings (compare Table 1); (ii) all the 
formed illumination the chloroplasts; and 
all the xanthophylls formed illumination are 
similarly situated. 

never possible remove all the chloroplasts 
from the residual extra-plastidic material, and the 
results given Table were obtained using 
calculation based the fact that the chlorophylls 
exist only the chloroplasts. First, the concentra- 
tion chlorophylls and carotenoids are determined 
the chloroplast fraction and the residue; 
secondly, the ‘chloroplast carotenoids’ present 
the residue are calculated from the concentration 
chlorophylls the residue and the chlorophyll/ 
carotenoid ratio for the pure chloroplasts fraction 
finally, this calculated value subtracted from 
the observed total carotenoid concentration and 
added the chloroplast-carotenoid figure give the 
gross amount carotenoids the chloroplasts. 


Table Uptake into unsaponifiable matter 
etiolated maize seedlings the 
presence and absence hydroxylamine 


7-day seedlings were illuminated under the conditions 
given Table chloroplasts were prepared described 
under Experimental; hydroxylamine concn., 


Activity 
(counts/min./g. wet wt.) 
A 


Without 
hydroxylamine hydroxylamine 


Chloroplasts 740 120 
Residue 140 150 
Total 880 270 


Action hydroxylamine 


According Bandurski (1949), 0-001 
amine inhibits photosynthesis without inhibiting 
respiration. has been found that etiolated 
maize seedlings, placed 
and then illuminated, fail produce any increase 
their carotenoid levels and also fail produce 
chlorophylls. other words, development the 
photosynthetic apparatus inhibited. 
experiment which uptake illumi- 
nated etiolated seedlings was measured the 
presence and absence hydroxylamine, the uptake 
was 3—4 times great the absence the in- 
hibitor, but there was significant uptake the 
presence the inhibitor (Table 6). this occurs 
the absence photosynthesis, these results 
indicate that carboxylation reaction can proceed 
which not dependent photosynthesis. 


Distribution total unsaponifiable matter 
chloroplasts and whole seedlings 


Two determinations the distribution un- 
saponifiable matter (mainly sterols) between the 
chloroplasts and extra-plastidic material maize 
seedlings illuminated for hr. indicated that 
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(86-92) present the chloroplasts; this 
agrees with the distribution “CO, recorded 
Table 


DISCUSSION 


The present investigation demonstrates that the 
etiolated seedlings results the 
development chloroplasts which chlorophyll 
and carotenoids are synthesized; the ratio 
these chloroplasts isthe 
same that observed mature leaves. the 
dark carotenoids are entirely xanthophyllic 
nature, illumination appears first sight bring 
about specific synthesis However, 
when the xanthophylls synthesized the dark are 
allowed for, there such preferential synthesis 
B-carotene; the and xanthophylls are 
being synthesized the chloroplast about the 
same ratio normal leaves (Goodwin, 1952). 
These observations differ from those Kay 
Phinney (1956), who found that illuminating 
etiolated seedlings their strain maize only 
was synthesized over the first 
The reason for this difference may due the 
different strains used. The marked incorporation 
into the produced illumination 
indicates that the pigment produced afresh the 
newly developed chloroplast the photosyn- 
thetically fixed CO,. This conclusion confirmed 
the action which 
inhibits both photosynthesis and formation 
There indication whatever from the 
present experiments that illumination triggers off 
the conversion dark-formed precursors into 
carotene. this were so, significant incorporation 
into the molecule would not expected, 
and certainly there would not enrichment 
the isotope the pigment compared with the 
remainder the unsaponifiable material. Such 
light-triggering action carotenogenesis does, 
however, occur Neurospora (Zalokar, 1955). 
The failure labelled acetate and mevalonate 
become incorporated into the 
excised illuminated etiolated seedlings almost 
certainly due their failure reach the site 
carotenoid biosynthesis the chloroplast rather 
than the existence entirely novel pathway 
biosynthesis. least this the simplifying 
assumption which must made the moment, 
and supported the fact that both acetate 
and mevalonate are incorporated into the sterols 
the seedlings and known that the basic 
pathways sterol and carotenoid synthesis 
other organisms are similar. The present observa- 
tion that most the sterols (80-90%) the 
illuminated seedlings are the chloroplasts 
consistent with the views Chibnall (1939), who 
found high lipid content the chloroplast com- 


1958 
pared with that the cytoplasm, and Menke 
Jacob (1942), who found that 20% the chloro- 
plast lipids were sterols. These chloroplast sterols 
become highly active the presence labelled 
acetate and mevalonate, and the question arises 
why these and not the carotenoids are 
This cannot answered the moment but two 
possibilities exist: (a) acetate and mevalonate 
cannot enter the chloroplast such, but the 
cytoplasm are rapidly converted into trace amounts 
labelled sterols, which are then transferred 
the chloroplasts; (b) the acetate and mevalonate 
can penetrate the chioroplast but are very rapidly 
taken the sterol-synthesizing system before 
they can reach the carotene-synthesizing site. 


SUMMARY 


The carotenoids etiolated maize seedlings 
are almost entirely xanthophylls, only traces 
being present. 

Intact excised etiolated seedlings synthe- 
size and xanthophylls when illuminated. 
All the light-synthesized carotenoids are present 
the chloroplasts which also develop illumination. 

penetrate the root system intact maize seedlings, 
and are thus not incorporated into the unsaponi- 
fiable matter. They are rapidly incorporated into 
the unsaponifiable matter excised seedlings 
kept either the dark illuminated. There is, 
however, only insignificant incorporation into 
illuminated excised seedlings. 

4CO, rapidly incorporated into the un- 
saponifiable matter illuminated intact and 
excised seedlings, and there very marked and 
preferential incorporation into 

Hydroxylamine inhibits the syn- 
thesis chlorophyll and, presumably, 
chloroplast development illuminated excised 
seedlings. 

carotene illuminated seedlings occurs 
chloroplasts and utilizes photosynthetically-fixed 
CO,; this integral part the process 
turning etiolated plant into photosynthetic 
plant. 

Thanks are due Roche (Basel, Switzer- 
land) for generous gifts synthetic B-carotene, 
Cornforth for the synthesis and 
Miss Eales and Miss Begnett for skilled technical 
assistance. 
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Canavanine acid) 
the free state the seeds the jack 
bean, Canavalia ensiformis, and the seeds 
lineata and obtusifolia (Kitagawa Tomiyama, 
1929; Kitagawa, 1937; Damodaran Narayanan, 
1939). Fearon (1946) showed that compounds con- 
taining the guanidoxy grouping, 

react with trisodium pentacyanoammonioferrate 
aqueous solution give colours which 
range from with N-methoxyguanidine 
magenta with canavanine itself. With this 
representative selection plants were 
tested for the presence canavanine, and positive 
results were obtained with species Medicago, 
Ornithopus and Colutea. Canavanine was isolated 
from arborescens (Fearon Bell, 1955). 

The inhibition the pentacyanoammonioferrate 
colour reaction such compounds ascorbic acid 
and creatinine (Fearon Bell, 1955) makes its 
direct application biological tissues extracts 
limited value. This difficulty has been overcome 
using paper chromatography and paper iono- 
phoresis separate pentacyanoammonioferrate- 
reacting compounds from others which inhibit 
mask the colour reaction. 

The canavanine concentrations 
ensiformis and Colutea arborescens suggests its 
function nitrogen-storage product and hence 
the existence enzyme system associated with 
its utilization. Damodaran Narayanan (1940) 
reported the existence the seeds Canavalia 
ensiformis enzyme which brought about the 
hydrolysis canavanine canalin and urea. They 
also showed that this enzyme was identical with 


jack-bean arginase, though the optimum 
hydrolysis was 9-4 for arginine and 7-5 for cana- 
vanine. was suggested that canavanine might 
the natural substrate this arginase. view 
these facts, and the occurrence canavanine 
plants other than Canavalia, seemed likely 
that other known sources arginase the Legu- 
minosae, such vetch (Vicia sativa) and red 
clover (Trifolium pratense), might also prove 
sources canavanine. This now shown so. 
also shown that canavanine occurs the 
seeds many leguminous plants; quantitative 
determinations have been made those seeds 
which give the strongest colour reaction with 
trisodium pentacyanoammonioferrate, 
amino acid has been isolated from two them. The 
presence leguminous seeds compounds other 
than canavanine which also react with the penta- 
cyanoammonioferrate has been demon- 
strated. 
EXPERIMENTAL 

Pentacyanoammonioferrate reagent (PCAF). (w/v) 
solution PCAF (Fearon, 1946) Cu-free distilled water 
was used. 

Phosphate buffer (pH 7). This was prepared mixing 
equal volumes and 

Determination nitrogen. This was determined 
a-amino acid carboxyl the method Van Slyke, 
MacFadyen Hamilton (1941). 


Specificity the PCAF colour 
reaction for canavanine 
Fearon (1946) found that, the substituted guanidines 
which tested, only the guanidoxy compontids reacted 
with PCAF give red colours the range 
and these only canavanine gave vivid 
magenta. 
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Reaction with deaminocanavanine. has been found 
that deaminocanavanine 
diazepine-5-carboxylic acid), prepared the method 
Kitagawa Tsukamoto (1937), also reacts with PCAF, 
give magenta colour. Canavanine and deamino- 
canavanine are readily separated chromatographically 
Whatman no. paper the descending method 18°; 
the values (4:1, w/v) were 0-10 and 
0-81 respectively, and 
water (4:1:1:2, vol.), 0-10 and 0-33. The two compounds 
may distinguished the failure deaminocanavanine 
react with ninhydrin. 


Qualitative analysis leguminous seeds 


Preparation seed extracts. Finely ground seed 
0-3 g.) was stirred with ml. room temp. 
and kept for Drops the supernatant liquid 
were transferred paper for chromatography and iono- 
phoresis. 

Chromatography. Acid seed extract (0-2 ml.) was applied 
Whatman no. paper and chromatographed 
water (4:1, w/v) and the 
water (4:1:1:2, vol.) solvent used Makisumi (1952) 
for the chromatography guanidines. Each chromato- 
gram was developed for 24hr., then dried air and 
sprayed successively with phosphate buffer (pH and 
PCAF solution. Pyridine was found inhibit the develop- 
ment PCAF colours, and spraying with phosphate 
buffer was liberated from the papers which had been run 
the solvent containing it. These chromatograms were there- 
fore again dried air after spraying with phosphate buffer 
before applying the PCAF reagent. 

Single drops acid seed extract were dried 
Whatman no. paper and ionophoresis was carried 
out phosphate buffer (pH for hr. Under 
these conditions canavanine migrated mm. towards the 
cathode. 

PCAF reaction negative. compounds reacting give 
colours with PCAF were detected the extracts 
prepared from the seeds Acacia dealbata, farnesiana, 
Baptisia australis, Calpurnia aurea, Cassia corymbosa, 
didymobotrya, fistula, marylandica, Cytisus albus, 
Laburnum alpinum, anagyroides, Lathyrus latifolius, 
Lupinus arboreus, luteus romulus, Piptanthus laburni- 
folius, Poinciana regia and Thermopsis lanceolata. 

PCAF reaction positive for canavanine. compound 
giving the magenta reaction canavanine with PCAF 
and occupying the same position the chromato- 
grams and ionophoresis papers authentic canavanine 
was detected the extracts prepared from seeds 
Anthyllis vulneraria, Caragana arborescens, Coronilla emerus, 
valentia, Desmodium gyrans, Hedysarum coronarium, 
Indigofera gerardiana, Medicago echinus, lupulina, 
sativa, Ononis fructicosa, Trifolium dubium, hybridum, 
pratense, repens and Vicia sativa. 

PCAF reaction positive for compounds other than cana- 
vanine. Extracts prepared from seeds the following plants 
contained one more compounds which reacted with 
PCAF give colours These compounds appeared 
spots positions distinct from canavanine both 
chromatography and ionophoresis papers. Anthyllis vul- 
neraria, Amorpha fragans nana, fructicosa, Bauhinia 
acuminata, megalandra, purpurea, Caesalpinia pul- 
cherrima, Coronilla emerus, valentia, Desmodium gyrans, 


Erythrina crista-galli, humeana, Medicago sativa, Swain- 
sonia hybrida, Trifolium pratense and repens. 

All the reacting compounds gave the orange and red 
colours expected the guanidoxy compounds except one 
common to the three species of Bauhinia, which gave a 
lemon-yellow reaction, another common 
repens and pratense, which gave paler-yellow spot, and 
another from Swainsonia hybrida, which gave blue 
reaction with 


Quantitative determination canavanine 


Seed was finely ground and dried 110° for 
Portions the dried seed (50-100 mg.) were stirred with 
and kept for The mixture was 
neutralized with ml. stirred with mg. 
kieselguhr and filtered the pump. ml. the clear 
filtrate was added 0-5 ml. PCAF mixed with 0-5 ml. 
phosphate buffer, and the whole was made ml. 
with buffer. When the colour had fully developed (40 min.) 
the optical density was measured EEL photoelectric 
colorimeter and the concentration canavanine read from 
standard curve described Fearon Bell (1955). The 
seed was extracted second time and the determination 
repeated. large volume the extract possible was 
used for the second determination order obtain 
appreciable reading the colorimeter. The results are set 
out Table 


Isolation and characterization canavanine from 
Anthyllis vulneraria and Medicago sativa 


Finely ground seed (100 g.) Anthyllis vulneraria was 
extracted with light petroleum (b.p. 120°) Soxhlet 
apparatus for After being dried vacuum oven 
48° the defatted seed was stirred with aqueous 
ethanol (400 ml.) and acidified Congo red the dropwise 
addition 50% sulphuric acid. The acidified mixture was 
stirred vigorously for 0-5 hr. room temp. and the extract 
was filtered the pump. The residue was extracted with 
200 ml. ethanol and filtered off (no further acid was 
added). each filtrate was added vol. ethanol. The 
solutions were kept for hr.; heavy viscous pre- 
cipitate separated from the first filtrate, and considerably 
less from the second. (Further extraction the seed 
residue with 50% ethanol did not appreciably increase the 
yield.) The supernatant liquid was decanted from the two 
precipitates, which were combined, dissolved 
minimum volume water and filtered. Flavianic acid 
(20 100 ml. water) was added and the solution was 


Table Concentration canavanine 
the seeds Leguminosae 


Canavanine dry wt.) 


First Second 


extract extract Total 
Anthyllis vulneraria 0-12 2-22 
Caragana arborescens 0-15 
Coronilla emerus 2-36 0-16 2-52 
Hedysarum coronarium 0-67 0-15 0-82 
Indigofera gerardiana 2-16 0-17 2-33 
Medicago sativa 1-46 1-46 
Ononis fructicosa 0-74 0-7 
Trifolium dubium 1-41 1-41 
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kept for hr. The crystalline flavianate was filtered 
off, recrystallized five times from water and decomposed 
with Ba(OH),. The base was finally obtained the form 
its hydrated sulphate previously described (Fearon 
Bell, 1955). Yield m.p. (after shrivelling 162°) 
(decomp.) not depressed when mixed with 
authentic canavanine sulphate (Found: 20-9; 5-5; 
water (c, 10); canavanine sulphate monohydrate from 
Colutea arborescens (Fearon Bell, 1955) had 18-6. 

Finely ground seed Medicago sativa was 
extracted described for Anthyllis vulneraria. The two 
extracts were combined, concentrated 200 ml. distil- 
lation under reduced pressure and filtered before the addi- 
tion vol. ethanol. The amino acid was purified 
recrystallizing its flavianate and finally isolated the 
sulphate. Yield 1-5 g.; m.p. (after shrivelling 162°) 172° 
(decomp.) not depressed when mixed with authentic 
canavanine sulphate (Found: 20-6; 5-4; 18-9; 


SUMMARY 


Methods are described for the identification 
canavanine biological extracts containing com- 
pounds which mask inhibit the guanidoxy 
colour reaction given canavanine with 
sodium pentacyanoammonioferrate. 
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has been shown that canavanine occurs 
the seeds sixteen leguminous plants; quanti- 
tative values for eight are given. The acid has been 
isolated from two them. 

addition canavanine other compounds 
which, like the guanidoxines, react with trisodium 
pentacyanoammonioferrate pH7 have been 
detected the seeds leguminous plants. 


The author wishes thank Professor Robson for his 
interest and encouragement. 
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The Detection Metabolic Products from 
Dimethylnitrosamine Rats and Mice 


Toxicology Research Unit, M.R.C. Laboratories, Woodmansterne Road, Carshalton, Surrey 


(Received February 1958) 


The properties dimethylnitrosamine have 
been described Barnes Magee (1954), Magee 
Barnes (1956) and O’Leary, Wills, Harrison 
Oikemus (1957). Doses mg./kg. produced 
acute liver necrosis and death several species. 
Prolonged feeding rats with lower doses led 
malignant liver tumours. 

Dimethylnitrosamine metabolized rapidly 
vivo. Magee (1956) showed that its half-life rats 
was about 4hr., and that its disappearance 
rabbits followed exponential law. Dutton 
Heath concluded that the compound was 
rapidly demethylated rats and mice, since much 
the administered labelled sample was 
expired carbon dioxide. Since the metabolic 
products demethylation are chemically much 
more reactive than the rather inert parent com- 
pound, possible that the toxic action may 
exerted metabolites. have therefore made 


search for metabolites rats and, lesser extent, 
mice, the hope that this might throw some 
light the primary biochemical lesion. The experi- 
ments were preliminary nature, aimed only 
discovering systems likely repay detailed study 
later, and consequently very few animals were used. 

The problem has been approached three ways. 
the first, was given, 
and the distribution between the various 
tissues rats and mice was found, ascertain 
whether the not expired carbon dioxide was 
particularly concentrated any part the body. 
the other two approaches attention was concen- 
trated the liver, this was the only organ 
damaged, and the urine, which might contain 
high proportion metabolites, and which, 
less biochemically active, they were more likely 
preserved. Thus the second approach 
out distribution studies with 
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amine labelled with isotopic nitrogen both 
the possible ways, and 
fractionating the urine and liver 
various ways. 

Usually this could give information what 
the metabolites were. the last approach there- 
fore applied chemical tests for specific meta- 
bolites urine and liver homogenates, after pro- 
tein precipitation. set limits this aspect the 
work, assumed that was de- 
methylated, but that this might have been preceded 
succeeded reduction the nitroso group 
nitrosamine unstable water, this led test 
for methylamine, hydrazine, nitrite and hydroxyl- 
amine. special test was devised for methylhydr- 
azine, which gives the same colour reaction 
hydrazine (McKennis, Weatherby Witkin, 1955), 
applied for ammonia, which was unlikely 
found such except the urine, where would 
heavily diluted natural ammonia and urea. 
Most these groups can conjugate with acids 
biochemical systems (Speck, 1947, 1949; Elliot, 
1948; Webster Varner, 1955), leading 
amides, hydroxamic acids, oximes and hydrazides, 
for which search was also made. 

most stages this work the analytical 
methods already published, although basically 
sound, proved inadequate and had modified 
considerably. 


METHODS 


Compounds. 
was prepared described Dutton 
(64 atom described Heath (1957). 
methylnitrosamine, was prepared according 
the scheme: 

(61 atom m-moles) was treated 
with NaOH ml. vacuum apparatus. The 
NH, released was dried with collected liquid and 
dissolved CHCl, and the solution 
warmed room temperature. Toluene-p-sulphonyl 
chloride (5-8 m-moles ml. and Et,N (14 
moles ml. were run in, and the reaction was 
allowed proceed for hr. room temperature. The 
sulphonamide was then extracted with equal vol. 
and converted into the N-dimethylsulphon- 
amide adding Me,SO, and holding 90° for 
lhr. The product was extracted and converted into di- 
methylnitrosamine (Dutton Heath, 1956a). The yield, 
estimated polarographically (Heath Jarvis, 1955), was 
27% NH,NO,. 

Animals. Animals were albino rats (Porton strain) and 
albino mice. 

Administration. Dimethylnitrosamine was injected sub- 
cutaneously 1-2% soln. mg./kg. (rat) and 
mg./kg. (mouse). 

Estimation samples. Samples tissue were 


weighed wet, and oxidized CO, wet combustion. The 
CO, was converted into BaCO, and counted infinite 
thickness, using thin end-window tube. 

Nine published methods oxidation were tried, but all 
gave low and variable recoveries with dimethylnitrosamine, 
probably because its high volatility. The following 
composite method gave recoveries and was 
used all samples. The combustion fluid was prepared 
described Evans Huston (1952), omitting potassium 
iodate (Calvin, Heidelberger, Reid, Tolbert Yankwich, 
1949). The combustion was carried out the apparatus 
Lindenbaum, Schubert Armstrong (1948), atmospheric 
pressure, the CO, being swept over slow stream 
free air. The CO, was absorbed saturated Ba(OH),, 
which was back-titrated the end the reaction with 
phenolphthalein end point, thus avoiding 
filtering Ba(OH), solutions (Calvin al. 1949). drop 
saturated Ba(OH), was then added ensure CO, retention, 
and the precipitate and supernatant were left overnight 
flocculate. The precipitate was then collected sintered- 
glass filter (25 mm. diam., porosity made for Baird 
and Tatlock Ltd. cutting down Gooch crucible 
height mm. above the sinter. obtain even deposit 
the supernatant was decanted through the filter under 
suction, followed the BaCO,, which was washed with 
ethanol-ether (3:1, v/v). The precipitate was washed with 
CO,-free water, dried with acetone ether, stored 
desiccator constant weight and weighed and counted. 
Infinite thickness BaCO, required 142 mg./sinter. 
Sample sizes were chosen give 140-250 mg. 

All samples were counted least 1000 counts above 
background, and the background was determined each day 
recording least 1000 counts. 

Estimation The nitrogen contents various frac- 
tions were converted into NH, micro-Kjeldahl tech- 
niques. Because some nitrogen compounds might 
present oxidized states, samples containing 2-3 mg. 
nitrogen were first reduced with (Friedrich, 1933) and 
then oxidized for hr. with the reagent Chibnall, Rees 
Williams (1943). Dimethylnitrosamine was extracted 
from biological samples before combustion. The method 
oxidized very little dimethylnitrosamine, but quantitative 
yields NH, were obtained from and from 
amine reduction with followed heating for hr. 
with the oxidizing mixture used for the experiments with 
After oxidation, all bases were separated distilla- 
tion from alkaline solution apparatus 
and estimated titration. Ammonia was also estimated 
some instances Nessler’s reagent check that oxid- 
ation was complete. The samples were assayed for 
Dickinson, National Institute for Medical Research, 
Mill Hill, London. 

Collection urine. Urine from rats metabolism cage 
was separated from faeces and collected tube cooled 
solid Protein was precipitated with equal 
volume perfluoro-octanoic acid (Klevens 
Ellenbogen, 1955). 

Fractionation urine for determinations 
methylnitrosamine was removed after protein precipita- 
tion six extractions with equal volumes The 
extracts were rejected. Volatile bases and urea NH, 
were separated aeration described Peters Van 
Slyke (1932) for NH,, with urease for urea NH,. The 
the protein fraction was also determined. 
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Fractionation liver for determinations Rats were 
bled death hr. after injection, and the livers weighed 
immediately. The whole liver was homogenized 
Elvejhem type homogenizer with Perspex pestle for 
1500 rev./min., and made with 
contain 10% wt. liver. 

Half was fractionated into nuclei, microsomes, mito- 
chondria and supernatant (Schneider Hogeboom, 1950). 
The protein the supernatant was precipitated with 
vol. 30% trichloroacetic acid, and the resultant 
supernatant extracted immediately six times with equal 
volumes remove dimethylnitrosamine. 

The other half was fractionated into protein powder, 
nucleic acids, lipids and acid-soluble fractions. portion 
(10 ml.) was treated with 10% trichloroacetic 
acid, and the supernatant extracted six times with equal 
volumes The aqueous residue was taken the 
acid-soluble fraction. the longer procedure given now 
the dimethylnitrosamine was left contact with trichloro- 
acetic acid for some time, during which little wasdecom- 
posed acid hydrolysis. was therefore not suitable 
method obtaining the acid-soluble fraction. this 
procedure protein was precipitated from ml. portion 
before. The precipitate was washed three times with 10% 
trichloroacetic acid, dissolved 10-15 ml. n-NaOH, 
left for min., acidified slightly with and re- 
precipitated with 10-15 ml. trichloroacetic acid. 
This procedure ensured the removal all dimethylnitros- 
amine from the precipitate. This was then held 90° for 
15min. ml. trichloroacetic acid extract 
nucleic acids, and the residue washed twice with tri- 
chloroacetic acid. Lipids were removed with acetone, 
(1:2, v/v), (3:1, v/v) and 
ether (twice). The fat solvents were evaporated dryness 
obtain the lipids. The residue protein powder was dried 
100°. All fractions were assayed for the usual way. 


Chemical estimations 


Compounds were determined colorimetrically depro- 
teinized urine and liver homogenates (10%, w/v, liver, 
deproteinized with trichloroacetic acid) from rats. Optical 
densities were measured with Unicam spectrophotometer 
SP. 500. Sensitivities are given terms wet weight 
liver and volume urine before deproteinizing. 

Hydrazine. Hydrazine liver was determined the 
method Watt Chrisp (1952) ml. homogenate. 
urine, urea and pigments interfered, but could 
allowed for using two wavelengths, 420 and 470 
with 0-1 ml. urine/analysis. Then the concentration 
hydrazine =67 urine, where values 
are the optical densities cm. cuvettes. The factor 
22, which gives the difference between the densities the 
absence hydrazine, varies about from urine 
urine, that Was only significant when ex- 
ceeded 0-02. This simple formula ignores the absorption 
due hydrazine. the optical density the 
urine alone 420 the range can shown 
that for values less than 0-4 the error introduced 
ignoring the hydrazine absorption 420 less than the 
uncertainty introduced the variations the factor. The 
concentrations hydrazine likely encountered 
correspond optical densities much less than 
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470 The equation can modified allow calculation 
results from higher optical densities, with the absorption 
spectra given Watt Chrisp (1952), but did not need 
this. 

Hydrazides. The method Rapi (1953) was used 
ml. samples except that the colour was separated from the 
pigments extraction with butanol. When using iso- 
nicotinic hydrazide in recovery tests, this reduced the 
optical density 25% all concentrations. was 
assumed that other hydrazides would give similar colour 
reactions. 

Methylamine and methylamides. Methylamine volatile 
from weakly alkaline solutions containing high concentra- 
tions salts. Methylamides are fairly stable room tem- 
perature under such conditions, but give methylamine 
prolonged hydrolysis boiling dilute acid. Methylamine 
can estimated the method Ormsby Johnson 
(1950). Thus principle both methylamine and 
amides can estimated, assuming that only compounds 
containing methylamide groups give methylamine acid 
hydrolysis. practice, fairly consistent recoveries 
methylamine added urine before deproteinization were 
obtained strict adherence the method given below, 
but the recoveries methylamine from liver homogenates 
and methylacetamide from both urine and liver homo- 
genates were dependent concentration and were very 
low (less than 10% nitrogen/g. liver or/ml. 
urine), that the tests these systems were only quali- 
tative. 

For methylamine ml. portion (deproteinized urine 
liver homogenate) was placed two-necked 
flask ice bath, and neutralized with 5n-NaOH, 
which 0-3 ml. more was then added, and followed 4g. 
anhydrous K,CO,. vacuum leak and side arm were put 
quickly, and the side arm was eonnected with rubber 
tubing removable tap one arm U-tube immersed 
Hg. The flask was evacuated slowly over several 
minutes. The tap was then opened fully, the flask warmed 
25° and least ml. allowed condense the U-tube. 
The tap was closed, the vacuum the U-tube was released, 
the tap placed the other arm and the first stoppered, 
and the U-tube re-evacuated for few seconds. The tube 
was then allowed warm room temperature under 
vacuum, and shaken, and the contents were transferred 
with washing ml. standard flask. the tube was 
not re-evacuated the increase pressure warming 
forced the stopper out. 

For methylamides, deproteinized-liver homogenates 
were first extracted six times with equal volumes 
remove dimethylnitrosamine, acid hydrolysis 
which yields nitrous acid, which destroys methylamine. 
This step was omitted recovery tests, methylacetamide 
is extractable from water by CHCl,, unlike the methyl- 
amides amino acids. Then ml. 36% (w/w) HCl were 
water, and refluxed for 20-24 hr. The condenser was 
washed down with water, and the solution cooled; then 
ml. wasadded and the methylamine separ- 
ated distilling half the total volume into iced receiver. 
The volume was made ml. This gave methylamine 
+methylamides, from which methylamides were calcu- 
lated difference. 
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The methylamine the ml. samples was determined 
the method Ormsby Johnson (1950), twice the 
volumes being used. For their method, the concentrations 
NH, and NaOH are critical. The NH, was therefore 
determined the samples from methylamine estimations 
back-titration portion with NaOH, and those 
from methylamide estimations direct titration 
portion with acid. Ammonia, NaOH and water were added 
the portions taken for methylamine analysis give the 
final concentrations recommended. The method appeared 
very sensitive the precise methods incubation, 
that standard pure methylamine solution was always 
determined with each batch, greatly increasing the pre- 
cision. The optical densities were measured 4cm. 
cuvettes. 

Recoveries methylamine from urine are given 
Table They averaged 70%, values obtained were 
multiplied 1-43 correct for this. The urine untreated 
animals normally contained methylamine 
nitrogen/ml., and the use the method was limited the 
variations these control values, rather than in- 
accuracies the method. 

Nitrite. This compound was estimated the method 
Shinn (1941). For liver ml. sample was used. For urine, 
pigments interfered with the determination, the dye 
produced was extracted quantitatively into butan-2-ol 
7-8. The butan-2-ol layer was transferred ml. 
flask, acidified with equal volume and made 
with ethanol. The colour was then read 545 

Hydroxylamine, hydroxamic acids and oximes. All these 
can estimated nitrous acid modifications the 
methods Raschig (1924) and Csaky (1948). pure 
aqueous solutions the method below gave quantitative 
results for hydroxylamine, benzohydroxamic acid and pro- 
pionohydroxamic acid, and 70-90% the theoretical for 
dimethylglyoxime, benzoin oxime and acetone oxime. 

For hydroxylamine and the hydroxamic acids ml. 
portion solution, containing hydroxylamine, 
was acidified, adjusted 3-4 with NaOH, and turn 
were added 0-5 ml. 40% (w/v) sodium acetate, ml. 
acetic acid and ml. sulphanilamide. 
After 3-10 min., ml. ammonium sulphamate was 
added; after further 2min., 2ml. 
arsenite; and, after further min., ml. and 
chloride. From the addition the addition 
arsenite the reaction had carried out the dark. The 
total volume was made ml., and the solution left 
min. and the colour read 545 cuvettes. 

For oximes, ml. was added ml. sample, 
and the mixture held 100° for hr., before continuing 
above. The concentration HCl which could used was 
limited, high concentrations NaCl interfered with 
colour development. 


Table 


HEATH AND DUTTON 


1958 


Liver homogenates gave lower and variable recoveries, 
that the methods became semi-quantitative only. For 
hydroxylamine, ml. samples were extracted four times 
with equal volumes CHCl, remove dimethylnitros. 
amine. The supernatant was then analysed for 
amine. Recoveries 60-95 %were obtained (nine samples 
from homogenates two livers). experiments with 
treated animals, blanks were provided liver homogenates 
untreated animals. Blanks varied little from liver 
liver, not due the presence hydroxylamine, but due 
general pigment and cloudiness. result, the lowest 
concentrations judgment eye proved more reliable than 
measurement the spectrophotometer. The least dis- 
cernible eye was 0-5 yg./g. liver; the least concentra- 
tion certainly significant the spectrophotometer was 
liver. For oximes the homogenates were made 
faintly alkaline and concentrated half the volume 
boiling remove dimethylnitrosamine (this also destroyed 
free hydroxylamine). The volume was made 
and the oximes were hydrolysed with HCl already 
described. Recoveries varied from 65% (19 results 
five homogenates). Concentrations 
0-9 hydroxylamine/g. liver gave positive results, 
judged eye, all eight samples tested.at this concen- 
tration, although two the readings were less than the 
variations the blanks determined the spectrophoto- 
meter. 

Urine samples could not treated similarly pigments 
interfered, and method was found for oximes. The follow- 
ing method was used for hydroxylamine and benz- 
propion-hydroxamic acids. Deproteinized urine ml.) was 
adjusted 1-2, held 100° for min., and cooled 
and filtered slowly through ion-exchange column 
Dowex resin (Dow Chemical Co., 
Midland, Mich., U.S.A.) Amberlite (British Drug 
Houses Ltd.) both 50-100 mesh the form. The 
column was washed with water and eluted with ml. 
followed water. The acid fractions (volumes 
about ml.) were analysed for hydroxylamine usual. 
Above 5yg. hydroxylamine recoveries were 50-60%; 
below hydroxylamine recoveries were very low. 
Failure obtain colour probably only indicated that 
the urine sample contained less than hydroxyl- 
amine. 

Sensitivities the chemical methods. 
metabolites were distributed evenly 
throughout the animal and its urine, all the tests except 
those for methylamine and methylamides were sensitive 
enough detect metabolites equivalent in- 
jected dose mg./kg. The sensitivity for methylamine 
urine was about 50%. Assuming even distribution, 
methylamides urine and methylamine and methyl- 
amides liver were not detectable, the lowest quantities 
detectable being equivalent 10, and the total 
dose dimethylnitrosamine injected. 


Recoveries methylamine from rats’ urine 


Methylamine hydrochloride was added rats’ urine before deproteinization, and the urine was analysed for 


amine described under Methods. 


Methylamine added N/ml.) 
Methylamine found N/ml.) 
Recovery added methylamine N/ml.) 


5-9, 6-1, 6-1 9-3, 9-3, 9-3 24, 23, 23, 
2-8, 18, 17, 17, 
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Table Distribution mouse and rat treated with 


mouse was given mg. dimethylnitrosamine containing Expired air, faeces and urine were col- 
lected. hr. the mouse was killed, and the organs, etc., was determined BaCO,. Similarly, 100 rat was 
given mg. dimethylnitrosamine containing and killed hr. Specific activities the BaCO, samples are 
given, with standard errors, counts/min., and the total activity each fraction percentage the total injected. 
Weights the organs the mouse were obtained weighing; those the rat were from the table given Caster, 
Poncelet, Simon Armstrong (1956). radioactivity given for the expired air from the rat several air samples were 


taken different times. 


Mouse Rat 
Radioactivity activity Radioactivity activity 
(counts/min.) injected (counts/min.) injected 

Expired air 64-0 44-0* 
Urine 226+5 6-0 120+5 
Liver 8-0 2-6 
Kidney 1-4 30-0+ 1-2 
Heart 0-2 12-8+0-66 0-1 
Stomach 3-0 23-7+0-97 0-7 
Carcass and fat 10-8 3-2 (fat only) 

Total recovered 101-6 84-1 


Later results suggest that normally least 60% expired hr. 
Results from another experiment with similar rat. 


after injection with and 
nitrosamine 


200 rat was injected with mg. either 
and bled death hr. later 
and the liver excised, homogenized and fractionated 
two ways. One way gave nuclei, mitochondria, micro- 
somes, residual protein and supernatant; the other gave 
acid-soluble fraction, nucleic acids, lipids and protein 
powder. Results are expressed atom excess 
The minimum excess detectable was 0-003 


(atom excess) 


Fraction expt. expt. 
Nuclei 0-006 0-006 
Mitochondria 0-004 0-006 
Microsomes 0-009 0-009 
Residual protein 0-003 0-006 
Supernatant 0-025 0-013 
Acid-soluble fraction 0-023 0-009 
Nucleic acids 
Lipids 0-006 0-006 
Protein powder 0-003 0-006 


RESULTS 


Distribution injected animals. mouse 
and rat were given and 
kept metabolism chamber until the 


nitrosamine had been completely metabolized. The 
the expired air, excreta and organs was then 
determined, with the results shown Table 

Much the was expired Carbon 
compounds the urine were relatively rich 
and the total excreted the urine the rat 
(6%) was considerably greater than the quantity 
dimethylnitrosamine found Magee 
(1956) excreted from rats treated similarly. 
Otherwise the specific activities found the 
various fractions were fairly constant, with 
marked preponderance the liver. 

Distribution rats injected with 
dimethylnitrosamine. Different rats were injected 
with dimethylnitrosamine labelled the and 
positions respectively and killed bleeding 
4hr. later. The liver was fractionated already 
described, and the content the various 
fractions determined. Results are shown 
Table 

Four rats for each compound were similarly 
injected, and the urine was collected over the first 
hr., and then from Results are shown 
Table 

The total content the liver was low, and 
fairly evenly distributed, the supernatant frac- 
tions containing somewhat more than the rest. 
4hr. half injected dose decomposed 
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(Magee, 1956) and the total content the liver 
was therefore consistent with the assumption that 
the was evenly distributed throughout the 
nitrogen-containing constituents the rat. Thus 
the liver, which contains about the nitrogen 
the was evenly distributed, should have 
contained the This agrees with the 
calculated value within the experimental error 
the determinations the concentrations 
15N were very low. The urine collected the first 
hr. contained two three times much 
the liver, mainly urea. The concentration 
was highest the free base fractions, but these 
contained only about much nitrogen the 
urea. The concentration dropped the next hr., 
but the rate excretion remained high. 

The position labelling made marked 
difference the distribution Such differ- 
ences there were are discussed later. Urinary 
protein contained the same low percentage 
plasma protein. Higher percentages 
found urinary protein some earlier experi- 
ments were probably due inadequate washing. 

Chemical tests. Tests for hydrazine, nitrites, 
hydroxylamine, hydroxamic acids, oximes and 
methylamine were carried out 
homogenates the livers treated rats hr. after 
injection. Traces hydroxylamine were found 
liver) two out four rats, and 
two rats. These tests are only qualitative, but 
probably indicated the presence methylamine, 
the dimethylnitrosamine given. 

Similar tests were carried out urine collected 
over the first hr., and then from 24hr. 
one two experiments trace hydroxylamine 
was found (about Both control and 
treated rats excreted traces nitrite. 
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find whether more methylamine was ex- 
creted treated rats, tests for free methylamine 
and total methylamine (methylamine 
amides) were carried out the urine from groups 
rats several successive days. These rats were 
then injected and the tests repeated. The injected 
rats urinated about four times the usual rate, 
which lowered the accuracy the tests. Ten 
experiments were carried out total 
The control rats excreted free methylamine 
about nitrogen/day, but the actual rates 
varied factor two from day day. The 
qualitative test for methylamides showed that 
least methylamide nitrogen/day was 
excreted. the methylamine excreted after in- 
jection was compared with the average daily 
excretion from the same rats each experiment, 
then the following results were obtained. 
experiment was the total methylamine excreted 
the first day after injection less than the average. 
seven experiments was over higher, and 
three experiments 300% higher. six experi- 
ments, including the three which the total 
methylamine increased less than 50%, methyl- 
amine and methylamides were estimated separ- 
ately. all these experiments the excretion rates 
free methylamine the first hr. were higher 
than the averages amount equivalent 
optical density 0-02 more, i.e. significant 
amounts. From 24hr. the rate was always 
higher than the controls, but insignificant 
amounts. The methylamide-excretion rates did not 
increase the average. six experiments the 
excretion increased significantly, and all ten 
experiments increase was recorded, there seems 
doubt that the excretion methylamine was 
increased (on the average about 
nitrogen/day). 

Isolation Methylamine and 
methylamide methylamine were separated from the 


Table Distribution the urine rats treated with and 


Four 200 rats were used for each experiment, each being injected with mg. dimethylnitrosamine. The urine was 
collected container cooled with solid Urine samples collected from hr. and from hr. were 
treated separately. Each sample was treated with equal volume 0-25 perfluoro-octanoic acid precipitate protein, 
and the protein and supernatant was determined. The supernatant was immediately extracted six times with chloro- 
form, and the residual the aqueous layer was determined. The the free bases the supernatant, and the 
free bases and the ammonia liberated urease, was then estimated. Results are expressed atom excess 


expts. expts. 
Fraction 0-8 hr. hr. 0-8 hr. hr. 
Total supernatant 0-054 0-047 
Supernatant after chloroform 0-051 0-020 0-025 0-025 
extraction 
Free bases 0-108 0-026 0-085 0-042 
Free bases ammonia after 0-017 0-019 0-017 
treatment with urease 
Protein 0-004 0-017 0-004 
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urine obtained over day from 100 male rat 
given 5mg. dimethylnitrosamine containing 
Methylamine hydrochloride (200 mg.) 
was added the distillates (i.e. the methylamine 
the urine was diluted about 2000-fold), and the 
solution was evaporated dryness. The residue 
was dissolved ethanol (10 ml.), which was con- 
centrated 5ml., and cooled with 
mixture. The methylamine content the mixture 
methylamine hydrochloride and ammonium 
chloride which crystallized out was determined 
colorimetrically. Portions were oxidized usual 
and BaCO,. The specific activity the 
BaCO, from diluted free methylamine was 24+1 
counts/min. and from the total methylamine was 
37+1 counts/min. was calculated that the free 
methylamine contained the total the 
urine, and the methylamides the total 
The only radioactive compound which might have 
interfered was dimethylamine. The total the 
urine was equivalent dimethylamine, 
assuming that was derived from 
amine. dimethylamine hydrochloride con- 
siderably more soluble ethanol than 
amine hydrochloride and was present less than 
one-thousandth the concentration, unlikely 
that would have out. Thus some 
the extra methylamine excreted after injection was 
derived from 


DISCUSSION 


The results throw little light the biochemical 
lesion which leads injury the livers rats and 
mice, but provide outline the major 
reactions undergone dimethylnitrosamine 
vivo. 

showed that much the was respired carbon 
dioxide, and the remainder was distributed fairly 
evenly throughout the tissues. These results are 
consistent with the assumption that the compound 
was demethylated one 
mediates, which were either further oxidized 
carbon dioxide used the normal metabolic 
processes the body. Such process implies that 
the compound was demethylated 
nitrosamine, which, unstable, would give 
methylamine, and this, further demethylation, 
ammonia. Traces methylamine were found the 
liver, and some labelled methylamine the urine, 
few hours after treatment. That much the 
amino nitrogen was converted into ammonia was 
shown experiments with 
amine. The urea ammonia was relatively heavily 
labelled (Table and the nitrogenous fractions 
the liver were evenly and lightly labelled (Table 3), 
would expected. interesting, however, 
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that the distribution after injection 
dimethylnitrosamine was very similar. Thus some 
the nitroso groups were reduced ammonia, 
shown the labelling the urine fractions 
(Table 4), but cannot assumed that this was 
the liver fractions. The nitroso group likely 
liberated nitrite, and then can either 
oxidized nitrate reduced hydroxylamine 
ammonia, any which might react with protein. 
The labelling was, however, 
specific, and was consistent with the assumption 
that both the and nitrogen atoms became 
distributed evenly throughout the nitrogenous 
constituents the body, although Magee (1956) 
has shown that the liver the only organ capable 
metabolizing the compound. This favours the 
assumption that the nitroso group was reduced 
ammonia, the grounds that nitrite and hydroxyl- 
amine, being more generally reactive, would 
more likely react near where they are formed, 
whereas ammonia would readily enter the normal 
metabolism. 

The only conclusion about the biochemical 
lesion which can drawn from these results that 
cannot involve the attachment more than 
minute quantities any metabolite 
nitrosamine liver constituents. The isotopic 
analyses would have revealed the attachment 
metabolites equivalent less than the 
injected dose. this, dimethylnitrosamine differs 
from the amino-azo dyes, residues which are 
incorporated into liver protein (e.g. Miller 
Miller, 1947, 1953; Hultin, 1956). Whether di- 
methylnitrosamine itself one its metabolites 
exerts the toxic action therefore still undecided. 


SUMMARY 


Mice were treated with 
amine, and rats with unlabelled dimethylnitros- 
amine, and with and 
dimethylnitrosamine. 

rats and mice much was respired 
carbon dioxide. The remainder was rather evenly 
distributed between the tissues. 

rats treated with 
amine, liver fractions (nuclei, mitochondria, 
microsomes, protein from supernatant and residual 
supernatant; and liver protein, nucleic acids, 
lipids and acid-soluble fractions) were evenly and 
lightly labelled. the urine free bases and urea 
nitrogen were heavily, and protein lightly, labelled. 
Plasma protein was lightly labelled. 

Urine and acid-soluble fractions were tested 
microchemically for hydrazine, hydrazide, 
amine, methylamide, nitrite, hydroxylamine, hydr- 
oxamic acids and oximes modifications 


previously published methods. 
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negative except for traces methylamine liver, 
and more urine, some which was derived from 
dimethylnitrosamine. 

The results indicate that the dimethylamino 
groups are oxidized one 
mediates and ammonia, and that the nitroso group 
partly reduced ammonia. 


wish thank Dickinson, National Institute 
for Medical Research, Mill Hill, London, for carrying out 
the assays, and Groom for technical 
assistance. 
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Nitrogenous Compounds and Nitrogen Metabolism the Liliaceae 


ISOLATION AZETIDINE-2-CARBOXYLIC ACID AND EVIDENCE FOR 
THE OCCURRENCE ACID POLYGONATUM* 


FOWDEN MARY BRYANT 
Department Botany, University College, Gower Street, London, W.C. 


(Received May 1958) 


Azetidine-2-carboxylic acid, the lower imino acid 
analogue proline, has been isolated from two 
members the Liliaceae family. Fowden (1955, 
1956) isolated from Convallaria majalis (lily 
the valley) and characterized chemically com- 
parison with synthetic material. identical 
substance was isolated from Polygonatum officinalis 
Solomon’s seal) Virtanen and co-workers 
(Virtanen, 1955a). survey liliaceous and 
related plants Fowden Steward (1957) demon- 
strated that the imino acid was present about 


one-quarter the ninety species examined. Its 


Part Zacharius, Cathey Steward (1957). 


members the Liliaceae, although few species 
the Agavaceae contained small amounts the 
acid. The observation that present certain 
members the latter family, group plants 
split off rather recently from the Liliaceae, 
interesting since there report its occurrence 
other families. The imino acid often accumulates 
very large amounts and may represent the major 
proportion the non-protein-nitrogen particular 
plants. This the case for the two species from 
which was isolated. Azetidine-2-carboxylic 
not known occur plant proteins. 


The present paper describes the isolation 


acid and 
acid from liliaceous acid, 
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aspartic acid and homoserine are 
for the biosynthesis azetidine-2-carb- 
oxylic acid. While aspartic acid accepted 
normal constituent the soluble nitrogeneous 
fraction plants, and homoserine has been shown 
1955b), acid has never been 
conclusively shown occur higher plant. 
Evidence now presented that the acid does occur 
small amounts the non-protein-nitrogen 
fraction Polygonatum, together with the other 
two amino acids. 

secondary feature this investigation has 
been the isolation acid 
large quantity from the rhizome Polygonatum 
which can readily obtained 
England. 


EXPERIMENTAL 


Chromatographic techniques. All paper chromatograms 
were run Whatman no. 3MM chromatographic-grade 
filter-paper sheets under conditions which were essentially 
those used Consden, Gordon Martin (1944). The 
solvents used were water-saturated phenol with NH, 
(Dent, 1947), butanol-acetic (4:1:5, vol.) 
(Partridge, 1948), 70% (v/v) propanol, and the upper 
phase ethyl mixture (2:1:2, 
ethanol was used the spray reagent. 

Extraction the Polygonatum rhizome. Fresh rhizome 
(40 was washed and coarsely minced. was then 
macerated Atomix blendor (M.S.E. Ltd., London) 
with sufficient 95% (v/v) ethanol give final ethanol 
concentration 70% (v/v). The mush was left room 
temperature for weeks with occassional stirring allow 
complete extraction. The mush was filtered, and the residue 
pressed obtain the maximum yield extract. The 
combined extract (361.) was then evaporated con- 
tinuous rotary vacuum evaporator (Flash Evaporator, 
Lab. Glass and Instruments Corp., New York, 31) 50° 
about Little ethanol remained the concentrated 
extract this stage. 

Fractionation the extract 
columns. The extract was diluted and then run 
Karb 215 the form (60-80 mesh) The 
column was then washed with water elute all non- 
substances. Finally the amino acids were dis- 
This procedure was remove metallic cations since previous 
experience had shown that fractionation amino acids 
plant extracts Zeo-Karb 215 columns was often poor, 
attempted before the removal such ions. 

The eluate containing the amino acids was again concen- 
the rate the same Zeo-Karb column after 
regeneration with 2N-HCl. The column was washed with 
151. water and elution with aq. was com- 
menced the rate about 100 ml./hr. When amino acids 
appeared the eluate, collection ml. fractions was 
commenced. all 750 fractions were taken. The first 
fractions contained only aspartic acid; the next 430 con- 
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tained azetidine-2-carboxylic acid, with smaller amounts 
aspartic acid and glutamic acid. These 430 fractions were 
pooled give eluate from which the imino acid was 
isolated. Fractions contained the hydroxyamino 
acids serine and threonine addition the previous acids, 
and homoserine appeared fractions Neutral 
amino acids then began appear the eluate. Fractions 
615-667 were pooled eluate which contained both 
neutral and basic amino acids, together with asparagine 
and y-aminobutyric acid. Fractions 668-750 contained 
mainly lysine and arginine with smaller amounts other 
amino acids. 

Isolation azetidine-2-carboxylic acid from eluate This 
eluate was concentrated vacuo 50° about 
250 ml. The concentrate was decolorized treatment with 
absorbent charcoal, adjusted addition 10N- 
NH, and evaporated vacuo about 100 ml. When the 
solution was kept about 10°, azetidine-2- 
carboxylic acid crystallized out. Successive concentration 
and crystallization yielded the imino acid. The 
ammonium salts glutamic and aspartic acids remained 
solution. The azetidine-2-carboxylic acid was dissolved 
the minimum quantity hot water and boiling ethanol 
white crystals the L-imino acid were obtained. 

Chromatographic identification aspartic acid and homo- 
serine. small amount crude aspartic acid was obtained 
concentration and crystallization fractions 
Crude homoserine was obtained sticky residue from 
portion the pooled fractions separation from 
the other amino acids paper chromatography. The pre- 
parations aspartic acid and homoserine were identified 
co-chromatography with authentic samples, all four 
solvent systems. 

Isolation acid from eluate This 
eluate was concentrated vacuo ‘to and then 
applied the rate ml./hr. column (depth cm., 
diam. 2-5 Dowex 50-X4 mesh) the 
form. The column was then washed with water and 
the amino acids eluted with solution. Eighty 
fractions ml. were collected. Fractions con- 
tained diaminobutyric acid and unidentified amino acid 
about equal amounts, together with traces glycine and 
valine. Fractions contained mainly the unidentified 
amino acid with smaller amounts diaminobutyric acid. 

Fractions 72-76 were evaporated vacuo syrup. 
This was dissolved give ml. solution and ml. was 
applied streak across one edge each three sheets 
washed Whatman no. 3MM filter paper (24 in. in.). 
The chromatograms were developed the 
acid mixture for week; good separation diamino- 
butyric acid from the slower-moving unknown substance 
was effected; each component was eluted separately from 
the chromatograms. 

The eluate containing the diaminobutyric acid was 
decolorized treatment with charcoal and evaporated 
vacuo; few drops cone. HCl were added before final 
drying. The residue (61 mg.) was dissolved the minimum 
volume hot water and hot mixture equal volumes 
cone. and acetic acid was added. After crystallization 
0°, mg. m.p. (decomp.), was 
collected. The mixed m.p. with authentic sample 
acid dihydrochloride (m.p. 
decomp.) prepared the method Adamson (1939) was 
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(decomp.). (All m.p.’s are corrected.) (Found: 
24-7; 6-4; Cl, 37-6. for 
25-1; 6-3; 14-7; Cl, 37-2%). 

The isolate was inseparable from diaminobutyric acid 
when run chromatograms developed all four solvents 
listed above. After portion the isolate had been mixed 
with sample acid (prepared from 
acid micro modification the method 
Adamson, 1939), the mixture was chromatographed 
papers developed NH, and 
acid. Radioautographs from the dry chromatograms were 
compared with the chromatograms after development with 
ninhydrin. The radioactive areas coincided with those 
the ninhydrin-reacting material. 

The isolate was converted into azetidine-2-carboxylic 
acid and acid (Fowden, 1956) 
mixing mg. with mg. solid AgNO, and 0-15 ml. 
The mixture was kept boiling-water bath 
for min.; was then diluted ml. with water, and the 
precipitated AgCl removed centrifuging. The super- 
natant was evaporated dryness several times remove 
excess HCl. The residue was dissolved finally 0-5 ml. 
and the mixture heated 100° for min. Barium was 
precipitated sulphate and any excess H,SO, was 
neutralized addition solid After centrifuging, 
the clear liquid was evaporated dryness and the residue 
redissolved small volume water. Measured portions 
were used prepare two-dimensional chromatograms, 
which were developed followed 
butanol-acetic acid. Development with ninhydrin 
vealed brown spot that was inseparable from added 
azetidine-2-carboxylic acid and purple spot coincident 
with added acid. The conver- 
sion into these two products specific for diaminobutyric 
acid starting material. 


DISCUSSION 


The concentrations the free amino acids present 
the rhizome Polygonatum are small relation 
the concentration azetidine-2-carboxylic 
the imino acid usually accounted for 75% more 
the total non-protein nitrogen the tissue. Few 
steps are involved the isolation procedure and 
the preparation the imino acid this way has 
definite advantage over chemical synthesis from 
glutamic acid (Fowden, 1956). The synthesis gives 
either DL-azetidine-2-carboxylic acid, which 
for biological purposes less useful than the 
form obtained isolation. 

The fact that homoserine occurs Polygonatum 
interest since may implicated azetidine- 
acid metabolism. First isolated from 
peas (Miettinen, Kari, Moisio, Alfthan Virtanen, 
1953), homoserine has later been found many 
other plants (Virtanen, The present authors 
also (unpublished observations) have shown that 
common constituent higher plants, although 
normally only small amounts relative those 
other free amino acids. This finding not un- 
expected since homoserine known inter- 
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mediate the biosynthesis threonine yeast 
(Watanabe, Konishi Shimura, 1955). 

The isolation and characterization «y-diamino- 
butyric acid natural product higher plants 
adds another amino acid the very considerable list 
new non-protein acids isolated chromato- 
graphic methods during the last decade. Previously 
diaminobutyric acid had been known only 
metabolic product certain micro-organisms, 
being present several peptides possessing anti- 
biotic properties; these include the polymyxins 
(Catch, Jones Wilkinson, 1949), circulin (Peter- 
son Reineke, 1949), and colistin (Oda Ueda, 
1954). Zacharius, Pollard Steward (1955) sug- 
gested that may present potato tuber, from 
chromatographic evidence only. 

The new diamino acid member the series 
which includes ornithine and lysine. the three 
acids, only lysine known constituent 
proteins from plants. The presence ornithine 
plants has only recently been established and the 
free base does not seem have been isolated yet 
sufficient quantities for strict chemical identifica- 
tion made. Coleman (1958) has isolated and 
derivative from extracts sulphur-deficient flax 
plants. Kasting Delwiche (1957) have prepared 
from barley leaves, wheat roots and water-melon 
seedlings small amounts with 
chromatographic properties and specific colour 
reactions identical with those ornithine. The 
identification this series three basic amino 
acids now means that each known imino acid 
plants (azetidine-2-carboxylic acid, proline, and 
pipecolic acid) matched naturally occurring 
diamino acid that may act precursor their 
proline (Vogel, 1955), and lysine 
pipecolic acid (Grobbelaar Steward, 1953; 
Lowy, 1953). 


SUMMARY 


The amino acids ethanol extract 
lb. the rhizome Polygonatum multiflorum 
(Solomon’s seal) were fractionated ion-exchange 
resin columns and paper chromatography. 

Azetidine-2-carboxylic acid (40 g.) 
lated. Evidence was also obtained for the presence 
aspartic acid and homoserine. 

Diaminobutyric acid was isolated small 
amount its dihydrochloride. This represents the 
first unequivocal isolation this diamino acid 
from higher plant material. 


This investigation was carried out while one 
held Postgraduate Research Studentship the University 
London. The continuous rotary vacuum evaporator 
was purchased with the help grant from the Central 
Research Funds Committee the University London. 
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Some Observations Hydroxypipecolic Acid 
from Thrift (Armeria maritima) 
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recent years, knowledge the free amino and 
imino acid components plants has expanded 
rapidly (for reviews, see Virtanen, 1956, 1957; 
Steward Pollard, 1957; Fowden, 1958). More 
than thirty new acids, additional the twenty 
present proteins, are known products 
higher-plant metabolism. Imino acids are among 
these newer compounds, and several contain 
piperidine ring. Pipecolic 
carboxylic acid) the most commonly found 
member this group, being particularly charac- 
teristic the legumes (Zacharius, Thompson 
Steward, 1954), although occurs members 
many other families (Morrison, 1953). Baikiain 
acid), which occurs far less 
frequently plants than pipecolic acid, was first 
isolated from Baikiaea plurijuga (Rhodesian teak), 
which occurs relatively large amounts 
both the seeds (Grobbelaar, Pollard Steward, 
1955) and the wood (King, King Warwick, 1950). 
Hyde (1955) considers constituent the 
developing pea seed. 5-Hydroxypipecolic acid was 
isolated from palm (Rhapis flabelliformis) 
Virtanen Kari (1954), and from Baikiaea 
Grobbelaar al. (1955). also present the 
fruit the date palm, and accompanies pipecolic 
acid several legume seeds, including the pea 
(Hyde, 1955). Another acid, 
considered 4-hydroxypipecolic acid, was 
isolated from Acacia pentadena Virtanen 


Kari (1955). Acacia the two 
acids co-existed, but Albizzia lophantha only the 
presumed 4-hydroxy compound was present. 

The present investigation reports the isolation 
hydroxypipecolic acid from thrift (Armeria 
maritima), member the family Plumbagin- 
aceae. This substance identical with that isolated 
from Acacia. However, evidence will presented 
suggest that these compounds may 
hydroxypipecolic acid, and not the 4-hydroxy 
derivative suggested Virtanen Kari (1955). 


EXPERIMENTAL 


All melting points are corrected. 
Paper chromatography. The method and solvent mixtures 
were described Fowden Bryant (1958). 


Synthesis hydroxypipecolic acids 


4-Hydroxypipecolic acid. This was obtained small 
yield catalytic hydrogenation 4-hydroxypicolinic 
acid (4-hydroxypyridine-2-carboxylic acid), m.p. 263° 
(decomp.), which was prepared the method Meyer 
Graf (1928), who gave m.p. 
acid (1-1 g.) was dissolved ml. 
water and converted into its hydrochloride the addition 
the calculated amount HCl. PtO (0-2 g.) was added 
and slow stream was passed through the mixture 
water bath 90° for hr. After hr. the catalyst was 
replaced further 0-2 PtO. After final removal 
the Pt, the mixture was evaporated about ml., when 
much unchanged acid hydrochloride 
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out and was removed. The filtrate was evapor- 
ated about ml. and then ml. was applied each 
two washed sheets filter paper. The chromatograms were 
developed butanol-acetic for hr.; good 
separation acid from pipecolic acid 
was achieved. 4-Hydroxypipecolic acid was eluted from 
the appropriate areas the chromatograms and obtained 
crystalline residue evaporation. Yield about mg. 
did not melt heating (Found: 9-4. 
requires 

3-Hydroxypipecolic acid. This was obtained after cata- 
lytic hydrogenation 3-hydroxypicolinic acid, which was 
prepared the method Sucharda (1925). From 
8-hydroxyquinoline 3-4 the imide acid 
was produced. the conversion quinolinic acid imide 
into 3-aminopicolinic acid, Br, and NaOH were used 
instead the Cl, and NaOH recommended Sucharda 
(1925). The imide g.) gave 1-1 3-aminopicolinic acid, 
m.p. 242° (decomp.), and about 0-3 2-aminonicotinic 
out dil. H,SO, solution with 2g. Ba(NO,), accord- 
ing the procedure Kirpal (1908) for the preparation 
acid. Yield 3-hydroxypicolinic acid, 
0-6 g., m.p. 223° (Kirpal reported 215°). Catalytic hydro- 
genation proceeded more readily than with the 4-hydroxy 
derivative. 3-Hydroxypicolinic acid (0-4 g.) was dissolved 
Hydrogenation atm. pressure and room temp. was 
continued for 10hr. The two main ninhydrin-reactive 
products were pipecolic acid and 3-hydroxypipecolic acid, 
present about equal amounts. The was removed and 
the filtrate evaporated dryness. 3-Hydroxypipecolic 
acid was recovered free from other ninhydrin-reactive sub- 
stances after chromatography papers developed 
acid—water. Yield 115 mg. was recrystal- 
lized from 80% (v/v) ethanol and did not melt heating 
(Found: 9-5. requires 9-7%). 


Hydroxypipecolic acid from thrift 


The acid was first encountered 
unidentified spot present two-dimensional chromato- 
grams prepared from aqueous-ethanol extract thrift 
leaves during survey the nitrogenous components 
maritime plants. The substance reacted with ninhydrin, 
give yellow spot which gradually changed blue when 
kept. Its position two-dimensional chromatogram, 
relative those occupied the other amino acids present 
the extract, shown Fig. (spot A). Another sub- 
stance designated not common plant constituent 
and remains uncharacterized. 

substance Fresh Armeria leaves (10 lb.) 
were chopped and then frozen for days. After 
thawing, they were macerated with twice their weight 
water Atomix blendor (M.S.E. Ltd., London). The 
mush was expressed through fine muslin, and the extract 
immediately adjusted 4-4 and warmed 60° for 
10-15 min. coagulate the proteins and inactivate the 
enzymes. The precipitate was removed continuous- 
action Delaval rotary separator and clear extract 
were obtained. This extract was applied Zeo-Karb 215 
column (resin 60-80 mesh), length cm., diameter 6-5 

The extract was applied the rate all the 
amino acids being absorbed. The column was washed with 
water and the amino acids were eluted with aq. 
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(51.) ml. fractions. The earliest fractions 
containing aspartic acid, and certain later fractions 
taining y-aminobutyric acid and the basic amino acids, were 
discarded. The middle fractions containing and many 
other amino acids were pooled and evaporated ina 
continuous rotary vacuum evaporator (Flash evaporator, 
Lab. Glass and Instruments Corp., New York, 31) less 
than 50°. This concentrate was applied Dowex 50-X4 
column (resin 100-200 mesh; length diameter 
the rate 100 The column was washed 
with 2-51. water, and elution amino acids effected 
with aq. Elution proceeded and 
105 ml. fractions were collected once the amino acids 
started emerge from the column. 

Substance was present fractions 8-29, which were 
combined. Other amino acids present these pooled 
fractions were aspartic acid, glutamic acid, serine, threo- 
nine, homoserine and proline. The residue (3-5 g.) obtained 
evaporation dryness vacuo was dissolved water, 
give ml. solution, and ml. was streaked across the 
top edge each six sheets filter paper (washed 
Whatman no. 3MM, in. The chromatograms 
were developed the NH, and the areas 
paper between 0-7 and 0-9 were cut out and eluted. 
this way mixture (0-58 g.) proline and free the 
other amino acids, was obtained. This was dissolved 
water give ml. solution and ml. was applied 
each two sheets washed paper. The chromatograms 
were developed the acid—water for days. 
Complete separation from proline was achieved, and 
was eluted from the appropriate areas the chromato- 
grams. Crude (217 mg.) was obtained evaporation. 
After two recrystallizations from 90% (v/v) ethanol, 
115 mg. pure was The substance did not 
melt but gradually darkened colour heating above 


— 


solvent 


Butanol-acetic acid 


Original 
spot 


Fig. Two-dimensional chromatogram the amino acids 
present 70% (v/v) ethanol extract the leaves 
Armeria maritima. aspartic acid; glutamic acid; 
homoserine; glutamine; alanine; 10, 
11, arginine; 12, proline; 13, y-aminobutyric acid; 14, 
valine; 15, leucine isoleucine, both. the iso- 
lated hydroxypipecolic acid and uncharacterized 
ninhydrin-reactive substance. 
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about 200° (Found: 49-4; 7-7; mol.wt. 140. 


requires 49-6; 7-6; mol.wt. 145). 
The molecular weight was determined the method 
Barger (1904) with aq. hydroxyproline solutions com- 
parative standards. Substance was readily soluble 
water but virtually insoluble absolute ethanol. When 
was treated with the reagent 
(1954) strong blue colour, characteristic imino 
compounds, developed rapidly. Proline and pipecolic acid 
tested under the same conditions reacted slightly more 
sensitively. 

Reduction with hydrogen iodide and red phosphorus. 
few milligrams were heated with 0-5 ml. 
150° for 4hr. After had been removed repeated 
evaporation in vacuo, a portion of the reaction mixture was 
run two-dimensional chromatogram developed 
phenol-aq. NH, and butanol-acetic Three 
reaction products were detected the chromatogram 
together with some unchanged One gave bright-blue 
spot after treatment with ninhydrin, and was inseparable 
from added pipecolic acid. The other two products had 
relatively high values both solvents, and gave 
yellowish brown spots with ninhydrin. They were assumed 
iodinated derivatives pipecolic acid. The sample 
the hydroxypipecolic acid isolated from Acacia Virtanen 
Kari (1955) gave identical products after this treatment. 


Vol. 


Comparison with synthetic hydroxypipecolic acids 


Chromatography. The isolate and each synthetic 
hydroxypipecolic acid were run separately and 
mixture paper chromatograms. The isolate was separ- 
able from 4-hydroxypipecolic acid acid— 
water, 70% propanol and ethyl acetate—pyridine—water. 
separation was effected which 
the substances had high values (about 0-84). Whereas 
gave with ninhydrin bright-yellow colour initially which 
changed only slowly blue, 4-hydroxypipecolic acid gave 
first which rapidly changed 
purple. When was run against 3-hydroxypipecolic acid, 
separation the substances was apparent any the 
four solvents. 70% propanol and ethyl acetate— 
3-hydroxypipecolic acid gave dumb-bell- 
shaped spot, which may have been due the partial 
separation diastereoisomers (the diastereoisomers 
hydroxypipecolic acid have been separated 
chromatograms Cohen, Irreverre, Piez, Witkop 
Wolff, 1956). The position the natural compound always 
matched precisely that the faster portion the dumb- 
bell spot, and their reactivity with ninhydrin was similar. 
Substance was chromatographically distinct from 
hydroxypipecolic acid (kindly provided Professor 
Virtanen). 

The isolate thrift was compared with that obtained 
from Acacia Virtanen Kari (1955) the same four 
solvents. The two substances behaved identically both 
their positions the chromatograms and their colour 
reactions with ninhydrin. 

Oxidation with acid permanganate. few milligrams 
the imino acid were dissolved 0-1 ml. 10% (w/v) 
solution, and warmed 60° water bath. A1% 
(w/v) solution 10% (w/v) H,SO, was then added 
dropwise until permanent pink colour remained. The 
mixture was diluted about and excess solid 
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BaCO, added. When evolution CO, ceased, the solids 
were removed centrifuging and the clear supernatant 
was evaporated dryness. The residue was redissolved 
small volume water and small portions were used for 
two-dimensional chromatograms. glycine, 
aminobutyric acid and aspartic acid were produced from 
the isolate approximate proportions wt. 
respectively. Similar proportions were obtained from the 
Acacia isolate. Synthetic 3-hydroxypipecolic acid gave the 
same four amino acids the proportions 30:10:55:5, 
while acid gave only glycine 
and aspartic acid (30:40:30). The identity all amino 
acids was checked co-chromatography with authentic 
specimens. Repetition the oxidation higher temper- 
atures 100° and 20% (w/v) H,SO, solution did not 
alter the nature the oxidation products nor bring about 
any significant change their relative concentration. 

acid, possible primary oxidation 
product 3-hydroxypipecolic acid, was prepared the 
method Piloty Finckh (1904). The acidic conditions 
used the oxidation caused complete decarboxylation 
this acid glycine and trace was found the 
oxidation mixture. 


DISCUSSION 


seems certain that the hydroxypipecolic acid 
isolated from Acacia Virtanen Kari (1955) 
identical with that now isolated 
(Armeria maritima). The presence the pipecolic 
acid ring system also not doubt. Virtanen 


allotted the group C-4 after study 
the products permanganate oxidation 


the imino acid. identified aspartic acid and 
smaller amount glycine among these products, 
together with two other substances not identified, 
and argued that aspartic acid could arise only the 
hydroxyl group was present C-4. Oxidative 
splitting the 4:5-linkage would occur first, 
followed 1:6-split, give aspartic acid, 
1:2-split, give glycine, thus: 


\ OH OH 


Re-examination the products resulting from 
acidic permanganate oxidation Acacia and 
Armeria isolates, performed simultaneously under 
conditions similar those used Virtanen 
Kari (1955) (personal communication from Pro- 
fessor Virtanen), indicated that and 
acid were formed addition 
aspartic acid and glycine. the four amino acids 
present was the largest, and aspartic acid 
the smallest, component. 

These results suggested that 3-hydroxypipecolic 
acid should considered alternative 
structure. The synthetic routes leading and 
hydroxypipecolic acid were such that the structures 
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the final products were not doubt. The overall 
yields were, however, insufficient warrant 
attempts resolving the mixtures diastereo- 
isomers that would necessarily formed. All 
comparisons were performed with isolate that 
was probably single stereoisomer and synthetic 
substances that probably consisted mixtures 
two pairs diastereoisomers. Strict identity 
behaviour the natural substance with any one 
synthetic compound could not then expected. 
The conclusions reached concerning the structure 
the isolated material must therefore regarded 
tentative. 

The chromatographic comparison the two 
synthetic compounds and the isolate suggested 
that the isolate was acid. 
was different from 4-hydroxypipecolic acid three 
the four solvent systems used. Unless one makes 
the unlikely assumption that the synthesis leads 
entirely the formation only one the two 
possible pairs diastereoisomers, i.e. the 
alternative type that found the natural com- 
pound, the chromatographic evidence indicates 
that the compound not acid. 
contrast, the isolate was never completely 
separated from synthetic acid 
any the four solvents. Partial separation 
diastereoisomers present the prepara- 
tion seemed two the solvents, but 
the natural substance always matched, position 
and colour reaction with ninhydrin, the faster- 
flowing component the acid. 

The exact mechanism oxidation and the 
linkages undergoing fission are unknown, but 
clear from the products obtained that fission must 
possible several points the ring. Oxidation 
isolate gave the same four products did 
3-hydroxypipecolic acid (f-alanine, glycine, 
aminobutyric acid and aspartic acid) although the 
relative proportions were somewhat different. 
quantitative difference the different stereoiso- 
meric character the two compounds. Oxidation 
4-hydroxypipecolic acid yieided glycine, aspartic 
acid and f-alanine, but not y-aminobutyric acid. 
The amount aspartic acid obtained from the 
isolate and 3-hydroxypipecolic acid was small 
raise the question the possibility its forma- 
tion conversion the into the 4-hydroxy- 
pipecolic acid successive dehydration 
hydration across the 3:4-linkage (the intermediate 
involved would acid), but 
does not seem probable that this interconversion 
would occur sulphuric acid concentration 
only 10% (w/v), since when synthetic 3-hydroxy- 
pipecolic acid was treated with 10% (w/v) sul- 
phuric acid 100° for several hours 4-hydroxy- 
pipecolic acid was produced. interconversion 


seems 
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did occur, some production acid 
permanganate oxidation the 4-hydroxy 
pound might expected. 

The isolate and the synthetic substances could 
compared other reactions, but none likely 
furnish conclusive evidence identity, for all 
will affected greater less degree the 
different stereoisomeric characters the reactants. 
Only complete resolution the four isomers 
present the synthetic products could 
equivocal comparison made. This would require 
much larger quantities the synthetic compounds 
than have been prepared. 

Why Virtanen Kari (1955) identified only 
acid and glycine after oxidation their 
Acacia isolate remains unknown. Whenever the 
oxidation was repeated together with sample 
Armeria isolate, both substances gave identical 
mixtures products, which was 
the most important quantitatively. Virtanen 
Kari’s (1955) finding aspartic acid 
principal oxidation product was the cornerstone 
their evidence favour 4-hydroxypipecolic acid. 

The distribution this new imino acid plants 
seems sporadic. Virtanen Kari (1955) found 
Acacia, Albizzia and Strelitzia. Now has been 
isolated from member the Plumbaginaceac. 
The imino acid not, however, characteristic 
constituent members this family, since 
could not detected leaf extracts four other 
species representative the genera Ceratostigma, 
Limonium, Plumbago and Acantholimon, which, 
together with Armeria, constitute half the total 
number genera assigned this family. 

The concentration which the hydroxypipe- 
colic acid occurs Armeria seems dependent 
the conditions growth the plant. The 
plants used for extraction were grown inland 
location (Egham, Surrey) loam soil, and the 
imino acid represented one the minor amino acid 
constituents the leaves. leaf extracts plants 
collected from maritime locations, the imino acid 
generally contributed higher proportion the 
total soluble nitrogen fraction the leaves; 
some plants growing the upper levels salt 
marsh, formed the predominant spot two- 
dimensional chromatogram prepared from 
extract. Plants collected from the same location 
different years have also shown wide variation 
their content the imino acid. 


SUMMARY 


hydroxypipecolic acid has been isolated 
from thrift (Armeria maritima) and shown 
identical with substance isolated from 
Acacia Virtanen Kari (1955), who provision- 
ally characterized 4-hydroxypipecolic acid. 
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Comparisons with synthetic 3-hydroxy- and 
acids indicated that the isolated 
imino acid may not 4-hydroxypipecolic acid, but 
3-hydroxypipecolic acid. Strictly identical 
haviour natural and synthetic 3-hydroxypipe- 
colic acid could not demonstrated since the two 
substances differed composition. 

3-Hydroxy- and 4-hydroxy-pipecolic acids 
have been synthesized. 


Virtanen (Biochemical Institute, Helsinki), who generously 
placed the facilities his Laboratory disposal for 
some two months during this investigation and provided 
sample his Acacia isolate. would also like acknow- 
ledge grants from the Central Research Fund the 
University London which enabled visit Helsinki 
and purchase the continuous rotary vacuum evaporator. 
Plants were supplied the University London Botanical 
Supply Unit, Egham, Surrey. 
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Enzymic Phosphorylation Creatine 1:3-Diphosphoglyceric Acid 


CORI, TRAVERSO-CORI, MAGDALENA LAGARRIGUE anp MARCUS 
Department Chemistry, School Chemistry and Pharmacy, and Institute Physiology, 
University Chile, Santiago 


(Received January 1958) 


Anaerobic glycolytic processes lead the forma- 
tion phosphocreatine skeletal muscle (Nach- 
mansohn, 1928; Lundsgaard, 1931). High-energy 
phosphate compounds acid 
and acid) are formed during 
glycolysis and phosphate transferred from these 
substances creatine,through the mediation the 
nucleotides (Needham van Heyningen, 
1935; Needham Pillai, 1937; Meyerhof, Schulz 
Schuster, 1937; Innes, 1937) and creatine phos- 
phokinase (Lohmann, 1934). 

Needham van Heyningen (1935) obtained 
direct evidence for the absolute requirement 
adenylic nucleotides the synthesis phospho- 
creatine from phosphoenolpyruvate. However, 
when acid the phosphate 
source, this requirement for adenosine diphosphate 
has only been assumed. 

With the existing evidence, could assumed 
that phosphocreatine synthesis occurs two ways: 
(a) two-stage reaction (reactions and con- 
nected the adenylic system, (b) single- 


stage reaction (reaction not requiring adenine 
nucleotides. 


acid 
+adenosine diphosphate adenosine 


Adenosine triphosphate creatine 
phosphocreatine adenosine diphosphate 


acid creatine 


The apparent equilibrium constants reactions 
(1) and (2) (Ogston Smithies, 1948) are 5-1 
and 2-3 The equilibrium constant, either for 
the sum both reactions for reaction (3), may 
calculated about 12, thus favouring the 
synthesis phosphocreatine. 

noteworthy that although myocardial tissue 
possesses more efficient aerobic mechanism for 
the synthesis adenosine triphosphate than does 
skeletal muscle, the molar concentrations phos- 
phocreatine and adenosine triphosphate heart 
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muscle are approximately equal (Mommaerts, 
1950), whereas skeletal muscle the ratio 4:1. 

The transfer phosphate from phosphocreatine 
glucose glycerol has been shown occur 
without the mediation the adenylic system 
(Meyerhof Green, 1950; Morton, 
down phosphocreatine dialysed brain extracts 
has been reported occur without the addition 
adenylic compounds (Tseitlin, 1953). Since this 
evidence suggests that phosphate transfer may 
without the addition the adenylic system, 
the authors thought that phosphocreatine synthesis 
may also possible under similar conditions. The 
lability one the substrates (1:3-diphospho- 
acid) and the possibility that reaction (3) 
may only the sum reactions (1) and (2) render 
the direct measurement reaction (3) difficult. 
This report gives indirect evidence suggesting that 
(3) oceurs. This work has been the subject 
preliminary communication (Cori, Abarca, Frenkel 
Traverso-Cori, 1956). 


EXPERIMENTAL 


Special chemicals. 3-Phosphoglyceric acid was obtained 
from Schwarz Laboratories Inc., Mount Vernon, N.Y., 
U.S.A. All other substrates and cofactors were purchased 
from Sigma Chemical Co., Louis, Mo., U.S.A. Fructose 
1:6-diphosphate was purified the strychnine salt (Sable, 
1952) and treated with charcoal (see below) remove any 
traces nucleotides. Diphosphopyridine nucleotide 
(DPN) was further purified ion-exchange chromato- 
graphy (Kornberg, dry aluminium 
oxide (Williams, 1947) was obtained from Merck, 
Darmstadt, Germany. The charcoal used was Nuchar 
C-190, unground (West Virginia Pulp and Paper Co., 
Covington, Virginia, U.S.A.). 

acid was prepared according 
Negelein (1939), but fructose 1:6-diphosphate, 
muscle aldolase and lactic dehydrogenase were used instead 
the substrates and enzymes recommended their 
method. The final product was also treated with charcoal. 
Acetyl phosphate was prepared according Lipmann 
(Ballou Fischer, 1955) was gift from Clinton 
Ballou. 

Enzymic preparations from heart and skeletal muscle. Rats 
either sex, weighing g., were stunned and de- 
capitated. The muscles back and legs were excised and 
chilled. The hearts rats were pooled and chilled. 
The muscles were homogenized Waring Blendor full 
speed with cold 0-01 
1:3-diol (tris) hydrochloride buffer, containing 
volume 300 ml./100 tissue was used, 
and extraction lasted min. 0°. For the hearts, homo- 
genization was performed smaller cup (E. Machlett 
and Son, New York, U.S.A.) during min. 0°. The brei 
was strained through gauze and the extract clarified 
centrifuging for min. 000 0°. The sediment 
was discarded. 

The proteins were precipitated addition solid 
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ammonium sulphate 90% saturation (63 g./100 ml. 
extract) 0°, and centrifuged for min. 000 

and redissolved one-third the original volume the 

Ammonium sulphate fractionation was carried out 
addition the solid salt whilst maintaining the 
with The precipitates were separated centri- 
convenient volume the tris buffer-KCl mixture, 
and dialysed overnight against 50-100 vol. the same 
solution 4°. The enzyme solutions were heated for 
37° and clarified centrifuging for min. 000g 
0°. The protein concentration ranged from 
ml. the description results, the enzyme fractions will 
defined the lower and upper limits ammonium 
sulphate (in percentage saturation 0°) used for pre- 
cipitation. 

order remove nucleotides (Taylor, Velick, Cori, 
Cori Slein, 1948) the fractions were slowly stirred for 
solution and filtered through sintered glass. The charcoal 
had been washed previously with N-HCl and then with 
water until the washings did not produce turbidity 
nitrate. Charcoal treatment affected the light 
absorption the protein solution 280 and 260 
such way that the ratio between the two optical densities 
tended towards reached 1-75. This ratio considered 
Warburg Christian (1941) correspond zero content 
nucleic acids. The concentration protein was de- 
creased, but the enzymic activity/mg. protein was nci 
affected. Charcoal treatment reduces the stability the 
enzyme preparations, which otherwise may stored for 
several weeks 25°. 

Enzyme preparations for 1:3-diphosphoglyceric acid syn- 
thesis and for analytical purposes. Crystalline aldolase 
(Taylor, Green Cori, 1948), crystalline triose phosphate 
dehydrogenase (Cori, Slein Cori, 1948), lactic dehydro- 
genase (Kornberg Pricer, 1951) and adenosine triphos- 
phatase (Mommaerts Parish, 1951) were prepared from 
rabbit skeletal muscle. 

For some assay purposes was found convenient 
replace the crystalline muscle enzymes yeast pre- 
paration. This was dialysed extract from the proteins 
precipitating 35% (v/v) acetone concentration from 
Lebedev juice (Warburg Christian, 1939). Crystalline 
triose phosphate dehydrogenase (Krebs, 1955) and alcohol 
dehydrogenase (Racker, 1955) were obtained from yeast. 
Crude hexokinase (Sigma Chemical Co.) was purified 
adsorption alumina gel and ethanol fractionation 
(Berger, Slein Cori, 1946). All these enzymes were also 
treated with charcoal described above, order 
remove nucleotides. Glucose 6-phosphate dehydrogenase 
was obtained from baker’s yeast (Negelein Gerischer, 
1936). 

Incubation procedure. the system testing formation 
phosphocreatine from acid, 
latter compound was generated situ means 
system composed fructose 1:6-diphosphate, aldolase, 
triose phosphate dehydrogenase, DPN, 
phate, ions and cysteine. Creatine was the phosphate 
acceptor, pyruvate and lactic dehydrogenase were used 
maintain DPN the oxidized state. For some assays was 
found more convenient use yeast enzymes, which not 
contain creatine phosphokinase, instead muscle enzymes. 
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these cases acetaldehyde was used hydrogen acceptor 
instead pyruvate. 

The synthesis phosphocreatine enzyme prepara- 
tions from skeletal muscle when added the 1:3-diphos- 
phoglyceric acid-generating system the absence 
added adenine nucleotides will henceforth called ‘direct’ 
enzyme activity. This term will used opposed 
creatine phosphokinase activity, which was assayed the 
same manner but with fructose 1:6-diphosphate and the 
enzymes generating 1:3-diphosphoglyceric acid replaced 
adenosine triphosphate (ATP). Incubation was carried out 
open centrifuge tubes 37° for min. and the reaction 
was stopped with equal volume chilled 10% (w/v) 
trichloroacetic acid. The tubes were centrifuged for min. 
and 3500 and measured portion the supernatant 
was used for the different analytical procedures. zero- 
time control was always provided, and results are always 
referred it. 

Phosphocreatine estimation. The procedure followed was 
modified from the procedure Fiske Subbarow (1929). 
measured portion the trichloroacetic acid supernatant 
(usually ml., containing phosphocreatine 
and orthophosphate) was neutralized with 
and phenolphthalein; 0-2 ml. Fiske and Subba- 
calcium solution was added, and left for min. 
room temperature and centrifuged for min. 1500 
The supernatant was poured into another centrifuge tube 
and the precipitate washed once with 2-3 ml. water. 
the combined supernatants and washing water, 0-2 ml. 
calcium solution and 0-3 ml. ethanol were added. After 
min. room temperature any precipitate was centri- 
fuged off, the supernatant was poured into ml. volu- 
metric flask and water volume approximately ml. 
was added. After addition ml. ammonium 
molybdate 5n-H,SO,, the flask was left for min. 
room temperature (Kuby, Noda Lardy, 1954). volume 
(0-4 ml.) reducing reagent (Fiske Subbarow, 1925) was 
added and the volume the flask completed. Colour was 
read after min. temperature. 

The main reason for the second addition was 
reduce the high zero-time values which were obtained with 
the original procedure. This method was found precipi- 


Table Determination phosphocreatine 
phosphorus trichloroacetic acid supernatants 


Determination phosphocreatine phosphorus 
five samples the same trichloroacetic acid supernatant. 
Recovery added synthetic phosphocreatine 
further five identical samples the same trichloroacetic 
acid supernatant. 


Amount Phospho- 
addition creatine found 

Addition 
None 0-76 
0-77 
0:79 
0-80 
Average 0-77 
Phosphocreatine 0-98 
0-34 
0-68 1-49 
1-02 
1-32 2-14 
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tate also fructose 1:6-phosphate, adenosine diphosphate 
(ADP) and ATP. Since phosphocreatine might also copre- 
cipitate, was found advisable check the reproducibility 
and accuracy the method follows: 

Portions trichloroacetic acid supernatant 
from enzymic experiment (as described Table under 
‘complete system’), and containing ortho- 
phosphate and 1-25 fructose 1:6-diphosphate, were 
carried through the analytical procedure described. Table 
shows the results obtained five identical samples. 
Known amounts synthetic phosphocreatine, checked 
the same analytical procedure, were added another 
group ml. samples the same supernatant. Table 
shows that the amount phosphocreatine determined 
these mixtures corresponds the amount the synthetic 
compound added plus the average phosphocreatine 
present ml. supernatant. 

Other analytical procedures. Total phosphorus, ADP and 
ATP were determined described Umbreit, Burris 
Stauffer (1951), inorganic phosphorus according Fiske 
Subbarow (1925). Pentose was determined according 
Mejbaum (1939). Acetyl phosphate was determined 
according Lipmann Tuttle (1945). The method 
Warburg Christian (1941) was used for protein determi- 
nation. Phosphoglyceric kinase and enolase activity were 
determined spectrophotometrically (Biicher, 1955; War- 
burg Christian, 1941). Activity the different enzymes 
described above (‘Enzyme preparations’) was tested 
described the original methods cited. 


RESULTS 


Enzyme preparations obtained from rat skeletal 
muscle synthesize phosphocreatine two different 
routes: (a) Creatine phosphokinase, with ATP, and 
(b) directly from acid the 
absence added ADP. The latter activity 
referred ‘direct’ enzyme activity. traces 
ADP ATP could detected the com- 
ponents this system phosphate 
pentose determinations. 

Enzymes from rat heart not possess this 
‘direct’ enzymic activity, although creatine phos- 
phokinase may found comparable larger 
amounts than skeletal muscle 2). 

Requirements for the synthesis phosphocreatine 
from 1:3-diphosphoglyceric acid. Omission single 
components the reconstituted system resulted 
marked decrease phosphocreatine synthesis 
(Table Maximum synthesis obtained with 
ion concentrations the order 
(Table 4). 

Addition has effect the 
synthesis phosphocreatine the ‘direct’ 
system (Table 5); concentrations from 
mm-ADP enhance the synthesis; higher con- 
centrations are inhibitory. 

Tests for the presence adenosine diphosphate 
the enzyme preparations. Since organic phosphate 
pentose could detected the enzyme pre- 
parations chemical analysis, and since this 
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Table Difference between enzymes obtained 
from rat-heart and skeletal muscle 


All tubes contained, volume ml.: potassium 
pyruvate, creatine, 100 addition, the 
tubes where creatine phosphokinase activity was measured 
contained ATP; the tubes where ‘direct’ 
activity was tested contained fructose diphos- 
phate, 0-2 mg. dehydrogenase, mg. crystalline 
aldolase and mg. crystalline triose phosphate dehydro- 
genase. The enzymes from heart skeletal muscle were 
assayed levels between 0-6 and 8-0 mg. protein/tube. 
The preparations are characterized the limits 
ammonium sulphate saturation used precipitate them. 
Incubation was for min. 37°. 


Phosphocreatine formed 
protein) 


A 


Creatine 


Enzyme preparation activity 
Heart muscle, 1-4 
Heart muscle, 1-1 
Skeletal muscle, 0-90 1-1 
Skeletal muscle, 0-65 0-4 1-1 
Skeletal muscle, 0-9 2-6 


Table Requirements for the synthesis 
phosphocreatine the ‘direct’ system 


The complete tube contained, volume 
buffer (50 tris), 7-4; potassium phos- 
phate buffer, 7-4 phosphate); 
pyruvate, creatine, fructose 1:6- 
diphosphate, lactic dehydrogenase, 0-2 mg.; 
aldolase, triose phosphate dehydrogenase, mg. 
Enzyme from skeletal muscle (fraction 2-7 mg. 
Incubation was for min. 37°. 

Phosphocreatine 


Complete system 2-6 
Phosphate omitted 0-81 
Magnesium omitted 0-39 
Creatine omitted 
DPN omitted 0-09 
Fructose diphosphate omitted 
Enzyme omitted 0-1 


method could not rule out the presence ADP 
DPN fructose 1:6-diphosphate, experiments 
were designed detect catalytic amounts ADP. 
Both the enzyme from skeletal muscle and the 
enzymes used generate 1:3-diphosphoglyceric 
acid contain from 1-4 units phospho- 
glyceric kinase/mg. protein. any ADP should 
present, this enzyme would phosphorylate 
ATP. addition glucose and hexokinase, the 
phosphate esterified the oxidation 
phosphoglyceraldehyde could trapped. Table 
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shows that added ADP essential glucose 
the phosphate acceptor. 

Another test for the presence minute amounts 
ADP utilized hexokinase myosin. Should the 
synthesis phosphocreatine the ‘direct’ system 
depend the formation ATP, then reaction 
utilizing ATP such the glucose—hexokinase 
system would inhibit the synthesis phospho- 
creatine. Table shows that the ‘direct’ system 
not inhibited glucose and hexokinase. Addition 
0:2 mm-ADP approximately doubled the forma- 
tion creatine phosphate, presumably allowing 
creatine phosphokinase function. The further 
addition hexokinase and glucose reduced the 
phosphocreatine formation about that found 
without the addition ADP. Phosphocreatine 
synthesis the presence also decreased 
hexokinase and glucose. 

Similar results were obtained with myosin 
adenosine triphosphatase (Mommaerts Parish, 
1951), which did not affect the ‘direct’ activity but 


Table Requirements magnesium for phos- 
phocreatine synthesis the ‘direct’ enzyme 


All tubes contain, volume ml.: potassium phos- 
phate buffer, 7-4 phosphate); DPN, 
moles; creatine, fructose 
lactic dehydrogenase, 0-2 mg.; aldolase, mg.; 
triose phosphate dehydrogenase, Enzyme from 
skeletal muscle (fraction 40-90%): Incubation 
was for min. 37°. 


Conen. Phosphocreatine 


ions added formed 

1-25 
0-25 

0-50 


Table Effect different concentrations adeno- 
sine diphosphate the synthesis phospho- 
creatine 


Conditions were given Table but mg. 
different preparation, fraction 40-90% (skeletal muscle), 
was used. 


10° final Phosphocreatine 


conen. ADP formed 
(m) 

0 3°85 

0-05 3°85 

0-10 4-05 
1 48 
8-4 
125 1-6 
250 0-9 
500 0-7 


buf 
mo! 
phe 
(fra 
gluc 


co 


from 
indic 
were 
phoc 


37°. 


gluc 


All 
hyde, 


from 


0-6 m 
vol 
tube 

Incuk 


Vol. 


Table Requirements adenosine diphosphate for 
the esterification phosphate with glucose 
acceptor 


All tubes contained, total volume ml.: 
buffer, 7-4, potassium phosphate buffer, 
moles; fructose 1:6-diphosphate, Triose phos- 
phate dehydrogenase, mg.; aldolase, lactic de- 
hydrogenase, 0-4mg. Enzyme from skeletal muscle 
(fraction mg. column all tubes con- 
tained, addition, 1-2 mg. hexokinase and 
glucose; column they contained 100 creatine. 
Incubation was for min. 37°. 

Change Appearance 
inorganic phosphate phosphocreatine 


10° final 
conen. ADP 


2-6 
3-0 
-69 


Table Effect glucose and hexokinase the 
synthesis phosphocreatine 


All components were described Table enzyme 
from skeletal muscle: 7-8 mg. fraction 40-90 where 
indicated, glucose and mg. hexokinase 
were added. The results are expressed phos- 
phocreatine formed/tube. Incubation was for min. 

‘Direct’ enzyme 


Creatine 
ADP ADP kinase 
Without hexokinase 1-7 
3-2 
Hexokinase and 3-2 


Table Synthesis phosphocreatine with 
synthetic 3-phosphate 


All tubes contained, volume ml.: potassium 
phosphate buffer, 7-4 (50 phosphate); 
3-phosphate, triose phosphate dehydrogenase 
from yeast, mg.; alcohol dehydrogenase from yeast, 
0-6 mg. Enzyme from skeletal muscle (fraction 
volume ml.) cold trichloroacetic acid was added 
tube before the addition the enzymes (zero time). 
Incubation was for min. 37°. 


Phosphocreatine 


present 
Tube no. 
1-7 
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0-4 


0-1 


Time (min.) 


Fig. Spectrophotometric assay ADP. Optical 
density was measured 340 em. light path 
37°. The cuvettes contained, total volume ml.: 
tris-HCl buffer, 7-4 tris); 
glucose, 30umoles; TPN, phos- 
phocreatine, (last addition); glucose 6-phos- 
phate dehydrogenase, mg.; hexokinase, mg.; creatine 
phosphokinase (preparation skeletal muscle; 
fraction 60-80% Table 15), 2-7 mg. Filtrate from 
the point indicated the arrow, ADP was 
added cuvettes and Temperature 37°. Numbers 
1-3 correspond those the tubes Table numbers 
and contain filtrate, but 0-6 ml. water instead; 
0-005 and 0-012 respectively ADP was added 
zero time test the sensitivity the method. 


depressed creatine phosphokinase activity 

still more critical test for ADP was performed 
with synthetic D-phosphoglyceraldehyde 3-phos- 
phate substrate and crystalline triose phosphate 
dehydrogenase and alcohol dehydrogenase from 
yeast. Table shows that phosphocreatine 
formed this system the absence added ADP. 
Measured portions ml.) the trichloroacetic acid 
filtrates from this experiment were shaken five 
times with ml. ether remove this acid. 
The aqueous phase was tested indirectly for ADP 
following the reduction triphosphopyridine 
nucleotide (TPN) spectrophotometrically 
The assay procedure based the reduction 
TPN glucose 6-phosphate and its dehydro- 
genase. Glucose phosphorylated with hexo- 
kinase, phosphocreatine and creatine phospho- 
kinase only ADP present catalyse phosphate 
transfer from phosphocreatine glucose. 
shown Fig. reduction proceeds only the 
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Table Requirement adenosine diphosphate for 
the synthesis phosphocreatine from 3-phospho- 
glyceric acid 


The complete system contained, total volume 
phosphate); MgCl,, creatine, potas- 
sium 3-phosphoglycerate, lactic dehydrogenase, 
0-2 mg.; aldolase, mg.; triose phosphate dehydrogenase, 
Enzyme from skeletal muscle (fraction 40-90%): 
2-1 mg. Incubation was for min. 37°. 


Amount Phosphocreatine 


addition formed 
Addition (umole) 
None 
DPN 0-5 
ADP 0-2 6-8 
ADP 0-5 10-0 


Table 10. Synthesis phosphocreatine from 1:3- 
diphosphoglyceric acid and acetyl phosphate 


The complete system contained, volume ml.: 
Enzyme from skeletal muscle (fraction 45-65%): mg. 
The the mixture was 7-2. Treatment with calcium 
for the precipitation orthophosphate was performed 
37° insure the hydrolysis 1:3-diphosphoglyceric acid 
acetyl phosphate. Incubation was for min. 37°. 


Phosphocreatine 


formed 
Complete system 1-5 
Magnesium omitted 0-6 
Creatine omitted 
acid omitted 
Enzyme omitted 
1:3-Diphosphoglyceric acid replaced 
Complete system 0-45 
Complete plus mg. hexokinase and 


glucose 
Complete plus 0-05 ADP 0-83 
1:3-Diphosphoglyceric acid replaced 
ATP 


amount ADP present the order 0-0017 
mole/ml. more. The filtrates not promote the 
reaction until ADP added. 

Nature the possible precursor phosphocreatine 
the ‘direct’ reaction. The possibility that phos- 
phoenolpyruvate intermediate the ‘direct’ 
system was investigated. Preparations from 
skeletal muscle formed phosphoenolpyruvate, de- 
tectable its absorption when 
phosphoglyceric acid was used substrate. How- 
ever, the same preparations were unable form 
phosphocreatine under the same conditions (Table 
9). Addition ADP elicited the synthesis 
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phosphocreatine, which proved the presence 
pyruvate kinase. DPN, aldolase, triose phosphate 
dehydrogenase and lactic dehydrogenase were 
added only test them for ADP with this method. 

the other hand, phosphocreatine synthe- 
sized from added acid 
mole mole proportion (Table 10A). Hexokinase 
does not affect this reaction; ADP enhances it. 
Acetyl phosphate cannot act phosphate donor, 
shown Table this experiment approxi- 
mately 40% the initial acetyl phosphate was 
lost the end the incubation period, thus 
pointing towards the existence acetylphos- 
phatase our enzyme preparations. 

Formation 1:3-diphosphoglyceric acid from 
phosphocreatine. Reversal reaction (3) has been 
demonstrated coupling the following re- 
action scheme: 
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3-Phosphoglycerate phosphocreatine 
acid reduced DPN 
3-phosphoglyceraldehyde DPN phosphate 

(5) 

3-Phosphoglyceraldehyde DPN arsenate) 

=reduced DPN 3-phosphoglycerate arsenate) 
(6) 

Net phosphocreatine creatine phosphate 


Triose phosphate dehydrogenase has 
added catalyse reactions (5) and (6); the pre- 
paration from skeletal muscle catalyzes reaction 
(4). Table shows the results this arsenolysis. 

Differences between creatine phosphokinase and the 
‘direct’ system. All enzyme preparations from 
skeletal muscle contain creatine phosphokinase. 
Although the latter enzyme without any ‘direct’ 
activity has been prepared, has not been possible 
obtain the ‘direct’ enzyme system free from the 


Table 11. Arsenolysis phosphocreatine the 
presence 3-phosphoglyceric acid 


The complete system contained, final volume 
ml.: buffer, 7-4 (20 tris); potassium 
crystalline triose phosphate dehydrogenase from 
muscle, 0-5 mg. Enzyme from skeletal muscle (fraction 
40-90 %): mg. Incubation was for min. 37°. 


Disappearance 
phosphocreatine 


Incubation mixture 
Complete system 1-05 
Phosphoglycerate omitted 

DPN omitted 
Arsenate omitted 
Magnesium omitted 0-14 
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Aluminium oxide (mg./mg. protein) 
Fig. Adsorption aluminium oxide the ‘direct’ 
enzyme and creatine phosphokinase. Assay the 
enzymes was indicated Table 12. Curve ‘direct’ 
assay; curve creatine phosphokinase. Specific 
activities are those the supernatant after treatment 
with the indicated amount aluminium oxide. 
enzyme and creatine phosphokinase 
The preparation was treated for min. +1° with 
different concentrations potassium monoiodoacetate, 
mixture The inhibitor was then removed 
dialysis against 1000 volumes of the same mixture. Un- 
treated controls were dialysed the same way. Incubation 
was for min. 37°. The assay system contains, final 
volume potassium phosphate buffer, 7-4 
mole; cysteine, acetaldehyde, creatine, 
The test for ‘direct’ activity was performed 
with mg. yeast protein and fructose 1:6- 
diphosphate; creatine phosphokinase was assayed 
replacing these components ATP. Enzyme 
from skeletal muscle (fraction mg. 
Inhibition enzymic activity (%) 
monoiodoacetate Creatine 
enzyme phosphokinase 
0-1 
, 5-0 65 19 
10-0 94 75 


phosphokinase. However, some different patterns 
behaviour the two enzymes have been ob- 
tained. Supernatants varying ratios specific 
activities (Fig. are obtained when 40-60% 
ammonium sulphate fraction treated batches 
5-7 with different amounts aluminium 
oxide. 
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The plot creatine concentration against 
reaction velocity shows different slope for creatine 
phosphokinase and for the ‘direct’ system (Fig. 3). 
optimum has been observed for either 
enzyme; the activity increases steadily from 5-9 
9-0. 

The effects monoiodoacetate, ammonium 
sulphate and heat inactivation are also different 
for creatine phosphokinase and the ‘direct’ 
system, shown Tables The inhibition 
creatine phosphokinase monoiodoacetate 
smaller than that reported Ennor Rosenberg 
(1954), but the conditions are different, since our 


@8 
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1/s 

Fig. Effect concentration creatine the rate 
phosphocreatine synthesis. Assay was described 
Table except for the concentration creatine. Enzyme 
from skeletal muscle (fraction 40-90%): 7-8 mg./tube. 
Curve ‘direct’ assay; curve creatine phosphokinase 
assay. Assay time; min. 37°; velocity phos- 
phocreatine synthesis (umoles/min./ml.); s, concentra- 
tion (M) creatine. 


Table 13. Effect ammonium sulphate the 
synthesis phosphocreatine the presence and 
absence adenosine diphosphate 


Assay was performed detailed for the enzyme 
Table 12. Ammonium sulphate was added the 
final concentrations indicated. Enzyme 
muscle (fraction was used concentration 
0-7 mg./tube. 

Inhibition phosphocreatine 
Final conen. synthesis (%) 
ammonium 


sulphate added ADP 
ADP (0-25 
0-025 78 4 
0-05 
0-10 100 97 


640 


Table 14. Effect heat the ‘direct’ enzyme 
and creatine phosphokinase 


The proteins were brought with KOH the 
presence the usual tris mixture. Measured 
portions the enzyme solution were heated 45° for 
different times, chilled and centrifuged 000 for 
min. The assay was performed Table 12. Amounts 
used: 1-3 mg. enzyme from skeletal muscle (fraction 

Phosphocreatine formed 
(umoles/mg. protein) 


Time 
heated Creatine 
(min.) enzyme phosphokinase 

1-25 1-15 
1-45 2-2 
0-95 

0-52 


Table 15. Requirement adenosine diphosphate for 
the synthesis phosphocreatine enzyme fractions 
from skeletal muscle 


Assay was detailed Table 12. The fractions were 
assayed levels 2-9 mg./tube for fraction 40-60% and 
0-45 mg. for fraction 60-80%. The results are expressed 
phosphocreatine formed/mg. protein. 


Protein 105 Final 


fraction conen. ADP Creatine 
(%) enzyme phosphokinase 
40-60 0 2-8 0-52 
60-80 0 0-015 55 
0-01 0 
0-10 0-28 
1-0 1-55 


experiments the inhibitor was removed dialysis 
before assay avoid inactivation triose phos- 
phate dehydrogenase. 

preparation rich creatine phosphokinase 
(fraction 60-80%) but practically devoid 
‘direct’ activity synthesizes phosphocreatine 
reconstituted system only added. The 
lower fraction (40-60%), the other hand, 
synthesis phosphocreatine without 
the addition ADP, although its creatine phos- 
phokinase activity considerably lower than that 
the fraction (Table 15). 


DISCUSSION 


The results presented may explained assum- 
ing the existence skeletal muscle ‘direct’ 
enzyme system capable phosphate transfer from 
1:3-diphosphoglyceric acid creatine, without the 
mediation ADP (reaction 3). Taking into account 
that all enzymes and substrates were treated with 
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charcoal remove nucleotides and that DPN was 
further purified ion-exchange chromatography, 
mediation the adenylic system appears dubious. 
The presence catalytic amounts ADP was 
ruled out the tests made the enzyme prepara- 
tions (p. 635). 

The existence such ‘direct’ system does not 
necessarily involve the existence specific 
creatine phosphokinase may catalyse both 
reaction (2) and reaction (3). The results described, 
however, suggest the existence two enzymes. 
may argued that the pattern fractionation 
aluminium oxide may due separation 
creatine phosphokinase 
kinase. Direct assay proves that excess phos- 
kinase present the reconstituted 
system, and that all preparations from skeletal 
muscle also contain appreciable amounts it. The 
experiments described Tables and also prove 
the presence kinase. 

The concentration ADP necessary elicit 
devoid ‘direct’ activity the same required 
increase the synthesis above the level obtained 
with preparations where the ‘direct’ system 
present (Tables and 15). This would measure 
the minimum level ADP required for creatine 
phosphokinase activity, and this finding also 
favours the hypothesis two different enzymes. 
The enhancement the synthesis phospho- 
creatine the addition probably 
due transfer phosphate from phosphoenol- 
pyruvate creatine, process known require 
ADP (Needham van Heyningen, 1935). 

The possibility that this direct phosphate 
transfer may the transferase activity phos- 
phatase (Morton, 1953) has not been ruled out. 
However, the experiments detailed Table 
show that our enzyme preparations not liberate 
inorganic phosphate from the phosphorylated 
components the system (DPN and fructose 1:6- 
phosphate). Acetyl phosphate cannot used 
phosphate donor, but 40% disappears after 
incubation for min. may suggested that 
acyl phosphatase (Harary, 1957a, could the 
transferring enzyme. This seems not very likely, 
since the enzyme described Harary 
not affected monoiodoacetate and quite heat- 
stable, whereas the ‘direct’ enzyme described 
this paper labile both agents. 

The enzyme catalysing reaction (3) could 
named, isolated, 1:3-diphosphoglycerate—creatine 
phosphotransferase. Its presence skeletal muscle 
and its absence from myocardium another 
functional difference between these two structures 
and might interpreted adaptation 
metabolic conditions which are not dependent 
upon oxidative phosphorylation. 
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SUMMARY 


enzyme preparation has been obtained 
from rat skeletal muscle that transfers the 
phosphate 1:3-diphosphoglyceric acid creatine 
without the addition adenosine diphosphate. 

The presence adenosine diphosphate 
contaminant the various preparations was 
excluded the use enzyme tests which would 
detect diphosphate. 

Enzymes utilizing adenosine triphosphate 
not inhibit the direct transfer phosphate from 
1:3-diphosphoglyceric acid creatine, whereas 
they inhibit creatine phosphokinase. 

acid was effective 
the phosphorylation creatine without the 
addition adenosine diphosphate. Acetyl phos- 
phate was ineffective. 

The enzyme system described, and creatine 
phosphokinase, exhibit differences their require- 
ments for creatine, their heat stability and the 
inhibition caused ammonium sulphate and 
monoiodoacetate. 

Heart-muscle preparations contain creatine 
phosphokinase but not the 
transfer system. 

The possibility phosphate transfer directly 
from acid creatine, and 
the existence enzyme different from creatine 
phosphokinase and from acyl phosphatase, are 
discussed. The name suggested for the new enzyme 
phosphotrans- 
ferase. 
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has been known for several years that deoxy- 
ribonucleic acid may normally contain 
cytosine (Wyatt, 1951), 
(Wyatt Cohen, 1953), and 6-methylaminopurine 
(Dunn Smith, 1955, 1958a) addition 
adenine, guanine, cytosine and thymine. The first 
evidence such additional bases naturally present 
ribonucleic acid the recent isolation 
unidentified nucleotide from the ribonucleic acid 
yeast (Cohn, 1957; Davis Allen, 1957). During 
studies the incorporation unnatural bases, 
that digests ribonucleic acid from Escherichia coli 
contained compound with spectral and chromato- 
graphic characteristics which suggested that was 
the riboside thymine (J. Smith, unpublished 
work; Dunn, 1957). The present work has not only 
confirmed this finding but has indicated that three 
methylated adenine bases, 2-methyladenine, 
methylaminopurine and 6-dimethylaminopurine, 
well thymine, are naturally present small 
amounts ribonucleic acid from variety 
sources. None these compounds been 
described previously component ribonucleic 
acid, but all four are known occur naturally 
nucleosides nucleotides, since thymine and 
methylaminopurine occur deoxyribonucleic acid 
(Kossel Neumann, 1893; Dunn Smith, 
2-methyladenine the vitamin B,,-like Factor 
extracted from coli and other sources (Dion, 
Calkins 1954; Brown, Cain, Gant, 
Parker Smith, 1955) and 6-dimethylamino- 
purine puromycin formed the actinomycete 
Streptomyces alboniger (Waller, Fryth, Hutchings 
Williams, 1953). The presence 6-methyl- 
aminopurine ribonucleic acid from yeast has also 


been reported Adler, Weissmann Gutman 
(1958). 

This paper describes the isolation the ribo- 
sides and ribotides these compounds from several 
ribonucleic acids and their identification by. chro- 


matographic, electrophoretic spectroscopic 
methods. Preliminary results this work have 


been reported (Littlefield Dunn, 1958a, 


MATERIALS AND METHODS 


Growth bacteria. coli strains B/r and and 
Aerobacter aerogenes were grown previously described 
(Dunn Smith, For coli medium was 
supplemented with 100 mg. 

Staphylococcus aureus strain was grown aerated 
nutrient broth. The medium was inoculated with part 
100 culture the bacteria and was then 
incubated 37° for hr. 


Preparation ribonucleic acid 


Bacteria. Strains coli and aerogenes were ex- 
tracted for hr. with 60% (v/v) (pH 
20° remove soluble nucleosides and nucleotides. The cells 
were separated centrifuging and washed twice with 
60% (v/v) ethanol-water and once each with 90% (v/v) 
ethanol and acetone. After drying air, 
the nucleic acid was extracted with citrate 
(pH 7-2) 100° for 1-2 hr. (Smith Matthews, 1957). The 
mixture was centrifuged for min. 
and the sediment re-extracted with citrate solution. The 
combined extracts contained 90-98% the ribonucleic 
acid (RNA) from the bacteria and 60-80% the deoxy- 
ribonucleic acid (DNA). two preparations nucleic acid 
from coli B/r, protein was removed from the solution 
shaking with chloroform—octanol mixture (Sevag, Lack- 
man Smolens, 1938). The RNA and DNA were pre- 
cipitated from the citrate solution adjusting 
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with acetic acid and adding ethanol give 
67% (v/v). Where necessary, few drops were 
added aid precipitation. ensure the removal all 
free nucleotides, the precipitation from citrate solution was 
repeated times, and the final precipitate washed twice 
with 60% (v/v) 

The soluble nucleotides were extracted from aureus 
with (w/v) aqueous trichloroacetic acid 20° for 
10min. After centrifuging, the trichloroacetic acid was 
removed from the residue three extractions with ether. 
The citrate extraction was then carried out above, but 
only about 50% the RNA present this material was 
liberated. was possible remove most the remaining 
RNA from the residue autoclaving with further 
portion citrate buffer 120° for min. The material 
isolated the two methods was united for analysis. 

Yeast. Commercial yeast RNA (British Drug Houses 
Ltd.) which had been reprecipitated with ethanol (Markham 
Smith, was used for analysis. 

Liver. sample RNA isolated from whole rabbit liver 
several years ago was available the laboratory. Rat-liver 
microsomes prepared according Zamecnik Keller 
(1954) were washed with (v/v) ethanol—water, ethanol 
and acetone before the RNA was hydrolysed with alkali. 
one preparation the RNA was extracted 
(pH 100° for min. and precipitated described 
above. 

Wheat germ. sample wheat-germ RNA was kindly 
supplied Smith. had been isolated from 
commercially prepared wheat germ (Bemax, Vitamins Ltd.). 
This had been mixed with Waring Blendor 
for the mixture centrifuged for min. 3000 rev./ 
min. and the turbid supernatant separated from the pre- 
cipitate which contained most the DNA. Ethanol 
give (v/v) was then added the supernatant and the 
precipitate separated centrifuging. This material was 
adjusted and RNA extracted with 100° 
for min. After low-speed centrifuging for min., the 
NaCl extraction was repeated the residue. The com- 
bined extracts were centrifuged 10000 rev./min. for 
min. before protein was removed according Sevag 
al. (1938) and the RNA precipitated with acid and 
ethanol. The RNA was washed successively 60% (v/v) 
ethanol—water, ethanol and acetone and then allowed 
dry air. 

Viruses. Tobacco mosaic virus was prepared differen- 
tial centrifuging (Stanley, 1937) and the RNA isolated 
according Markham Smith sample RNA 
isolated from turnip yellow mosaic virus was obtained from 
Harris. The virus, prepared according Markham 
Smith (1949), had been treated with 67% (v/v) 
acetic acid separate the protein and nucleic acid 
(Fraenkel-Conrat, 1957). 


Hydrolysis ribonucleic acid 


Hydrolysis nucleoside and 3’-phosphates. Samples 
containing mg. RNA were incubated with 
ml. M-KOH 30° for hr. The mixture was neutral- 
ized with and acetic acid added Ethanol 
give (v/v) was added precipitate any DNA and 
protein, and these together with insoluble were re- 
moved centrifuging. The solution was evaporated 
dryness stream air 50° (Markham, 1955). The 
dried material was mixed with small volume water and 
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cooled for hr. precipitate more and the 
aqueous solution nucleotides separated from the residue 
centrifuging. When necessary, this solution was evapor- 
ated 50° convenient volume before being applied 
lines long 2-6 paper chromatograms. 

Hydrolysis nucleosides. sample nucleic acid from 
coli B/r containing about mg. RNA was mixed 
for hr. with mg. rattlesnake venom. Chloroform 
was added prevent bacterial contamination and aq. 
added when necessary maintain the mixture 
Acetic acid and ethanol give 60% (v/v) 
were added the hydrolysate precipitate the remaining 
DNA and protein and these were then removed centri- 
fuging. 


Conversion nucleotides into nucleosides 


The samples nucleotides about 0-5 ml. 
sodium acetate buffer (pH were incubated with 0-05 ml. 
solution prostatic phosphomonoesterase mg./ml.) 
(Markham Smith, for hr. 37°. After con- 
centration evaporation, the solution was used directly 
for chromatography. 


Conversion nucleosides into bases 


Hydrochloric acid. 100° for hr. was used 
release the purines from their nucleosides (Vischer 
Chargaff, 1948). 

Perchloric acid. Thymine riboside was converted into 
thymine heating with 72% (w/v) HClO, 100° for 
2hr. (Marshak Vogel, 1951). After dilution with 
equal volume water, the hydrolysate was applied 
chromatogram, which was subsequently run solvent 

Periodate and alkali. Whitfeld (1954) described the 
formation cytosine from cytidine result the 
successive effects periodate and alkali. modification 
this method, previously used convert 5-chlorouridine 
into the base (Dunn, 1957), was used successfully with 
thymine riboside. The nucleoside was incubated with 
equal volume 0-1 was then added remove the 
excess periodate; after further incubation 0-5 hr. 
room equal volume aq. N-NH, was 
added raise the above 10. After incubation for hr. 
37° the products were chromatographed solvent 
substantial proportion the nucleoside was found 
converted into the base. 


Isolation ribose from nucleosides 


Purine nucleosides. Although the purine ribosides were 
hydrolysed with the excess acid, 
salt after neutralization, affected the ribose 
solvent which was used separate the sugar. was 
found that these ribosides was hydrolysed 
sealed tube. When this small quantity acid was allowed 
dry paper before chromatographing, did not affect 
the behaviour the ribose. 

Pyrimidine reaction pyrimidine ribo- 
sides with hydrazine (Baron Brown, 1955) was utilized 
detect ribose thymine riboside. The material 
was treated with 0-01 ml. 60% aq. hydrazine hydrate 
100° for Benzaldehyde (0-025 ml.) was then added 
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and the mixture warmed 50° for 10min. After the 
addition 0-5 ml. water and five extractions with ether, 
the aqueous layer was chromatographed solvent 


Chromatography and electrophoresis 


For separating the nucleotides, nucleosides and bases the 
solvent mixtures were used. Solvent was used for the 
chromatography ribose. 

(1) Propan-2-ol (680 ml.), (176 ml.), water 
(Wyatt, 1951); (2) propan-2-ol water 
(300 ml.) with NH, vapour phase (Markham Smith, 
1952a); (3) butan-l-ol (770 ml.), water 98% 
formic acid (100 ml.) (Markham Smith, 1949); (4) 
(860 ml.), water (140 ml.) with NH, vapour 
phase (Markham Smith, 1949); (5) ethyl acetate 
(300 ml.), water (300 ml.), acetic acid (100 ml.) (Jermyn 
Isherwood, 1949). 

Whatman 3MM filter paper was used for solvent and 
for the isolation the enzymically prepared nucleosides 
solvent For all other chromatograms Whatman no. 
paper was used. 

Paper electrophoresis was carried out according 
Markham Smith (1952a) with 

Nucleotides were eluted water for transfer other 
chromatograms. Except for transfer electrophoresis 
papers, more efficient elution nucleosides and bases was 
obtained with dilute formic acid 


Spectrophotometry 


Compounds located according Markham Smith 
(1949) were eluted and spectra measured 
against appropriate paper blanks Unicam Model 
SP. 500 spectrophotometer. Spectra were also measured 
the same solution after the addition give 
final concentration For estimation the following 
molar extinction coefficients were used: uridine, 
10-1 262 (Fox Shugar, 1952); thymine ribo- 
thymidine (Fox Shugar, 1952)]; 2-methyladenosine, 
12-5 258 [extinction coefficient maximum for 
2-methyladenine (Baddiley, Lythgoe Todd, 
262 6-dimethylaminopurine riboside, 18-5 
268 (Kissman, Pidacks Baker, 1955). The extinction 
coefficient for 6-methylaminopurine riboside was deter- 
mined from the change absorption solution when 
was heated for hr. using the molar extinction 
coefficient for 6-methylaminopurine 15-1 (Dunn 
Smith, 

Chemicals 


The nomenclature used this paper for purines and 
pyrimidines that Bendich (1955). Gifts 2-methyl- 
purine were obtained from Brown, Brown 
and the American Cyanamid Co. respectively. Specimens 
2-methyladenine 9f-ribofuranoside picrate, thymine 
ribofuranoside, 6-methylaminopurine 
and 6-dimethylaminopurine were ob- 
tained from Brown and his colleagues. The pre- 
paration the first two compounds has been described 
(Davoll Lowy, 1952; Fox, Yung, Davoll Brown, 1956). 
The last two compounds were prepared Hampton 
unpublished methods. The dimethylaminopurine ribo- 


1958 
side was identical with that prepared Kissman al. 
(1955) (Dr Brown, personal communication). The 
2-methyladenosine picrate was converted into the free 
nucleoside and separated from the picric acid chromato- 
ribofuranoside isolated from vitamin B,,-like Factor was 
obtained from Professor Bernhauer. 


Enzymic preparation ribosides 

Using nucleoside phosphorylase isolated from coli, 
Lampen (1952) synthesized riboside thymine, which 
has since been identified the (Fox al. 
1956). have used similar conditions prepare the 
ribosides thymine, 2-methyladenine, 6-methylamino- 
purine and 6-dimethylaminopurine. aqueous phos- 
phate extract made from coli B/r, after being ground 
with Pyrex glass powder, was fractionated twice with 
the method Paege Schlenk (1952 
and the crude enzyme thus isolated was used without 
further purification. About mg. the methylated base 
phosphate buffer (pH 37° for hr. with 0-2 mg. the 
enzyme preparation. The reaction mixture was concen- 
trated stream air 50° and chromatographed 
line solvent hr. the riboside the 
ated base had separated from any free base and also from 
the slower-running inosine and hypoxanthine. 


RESULTS 


Isolation ribosides 


chromatographic systems with propan-2-ol and 
butan-l-ol the methyl groups thymine, 
methyladenine, 6-methylaminopurine 
methylaminopurine give these bases, their ribo- 
sides and their ribotides greater mobility than that 
uracil and adenine and their corresponding 
derivatives. using this property, small amounts 
(one per 10000 bases) the methylated com- 
pounds can separated conveniently from digests 
RNA. The following method was used both for 
detecting these additional bases RNA prepara- 
tions from range organisms and for determining 
the proportions these compounds present. After 
alkaline hydrolysis the RNA, purified the 
mixture 2’- and 3’-phosphates bands 
chromatography for 18—24 hr. with solvent The 
area the paper which contained uridylic acid, 
adenylic acid and cytidylic acid was then eluted 
together with the area ahead the traces 
ribosides present, even when clear-cut ultra- 
violet-absorbing bands were apparent this area. 
The eluted nucleotides were dephosphorylated with 
prostatic phosphomonoesterase and rechromato- 
graphed for solvent Only the front 
third the main riboside band, plus again the 
area ahead almost the solvent front (with 
without visible ultraviolet-absorbing bands), was 
eluted and chromatographed two dimensions 
with solvent followed solvent Fig. shows 
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the positions the ribosides thymine, 
adenine, 6-methylaminopurine 
aminopurine relative the small amounts 
adenosine and uridine included this two-dimen- 
sional chromatogram. The only free base which has 
chromatographic behaviour similar that any 
these four compounds adenine. Small amounts 
this compound have been observed several 
preparations, and the absence markers may 
confused with 6-methylaminopurine riboside, 
the two compounds not differ markedly their 
solvents and (Table and have the same 
spectral maxima (Beaven, Holiday Johnson, 
1955; Table 2). Where both compounds were 
present the same chromatogram they were 
distinguished the difference R,; except 
where only very small amounts were detected, the 
higher spectral minimum alkali was used 
identify adenine. 


Solvent 


Solvent 


Fig. Positions the ribosides thymine (T), 2-methyl- 
adenine (MA), 6-methylaminopurine (MP) 
methylaminopurine (DP) relative those uridine (U) 


and adenosine (A) chromatogram run two-dimen- 
sionally solvents and 
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Identification ribosides 


only small amounts these four ribosides 
were isolated, their identification rests mainly 
comparison their spectra and chromato- 
graphic behaviour with ribosides synthesized 
enzymically from known bases. More recently 
have been able confirm that these ribosides had 
the expected structures direct comparison with 
specimens chemically prepared ribofuranosides. 
Figs. the ultraviolet-absorption spectra 
and one two naturally occurring 
compounds are superimposed those the 
corresponding known ribosides. The complete 
spectra the naturally occurring compounds 
agreed closely with those the known ribosides 
when reasonably large amounts were present, and 
all instances the two maxima the naturally 
occurring compounds were the same those the 
known compounds (Table 2). These maxima were 
agreement with published data the chemically 
prepared ribosides (Fox al. 1956; Davoll 
Lowy, 1952; Kissman al. 1955). The enzymically 
and chemically prepared ribosides had the same 
four solvent systems (Table 1). these four 
solvents the movement each the naturally 
occurring compounds corresponded with that 
synthetic riboside marker. Thymidine and 
methylaminopurine deoxyriboside (Dunn Smith, 
1958a), available for comparison, ran ahead 
thymine riboside and 6-methylaminopurine ribo- 
side solvents and (Table 1). The 
adenosine isolated from RNA agreed both spectro- 
and chromatographically with the 
riboside, and not with the isolated 
from vitamin B,,-like Factor (Friedrich 
Bernhauer, 1957). 

electrophoresis glycine buffer (pH 9-2) the 
purine ribosides failed move appreciably, 
whereas thymine riboside showed small mobility, 
due presumably the ionization the 
group the pyrimidine. borate buffer the 


Table values for methylated bases, their ribosides and related compounds 


For composition solvents, see text. 


Solvent Solvent Solvent Solvent 
2-Methyladenine 0-51 0-63 0-23 0-32 
6-Methylaminopurine 0-55 0-71 0-29 0-44 
6-Dimethylaminopurine 0-64 0-38 0-56 
Thymine 0-76 0-66 0-29 0-23 
Adenosine 0-41 0-57 0-17 0-19 
2-Methyladenine 0-45 0-56 0-20 0-14 
6-Methylaminopurine deoxyriboside 0-78 0-41 0-59 
Thymidine 0-74 0-46 0-41 
2-Methyladenine 0-48 0-64 0-37 0-46 
6-Methylaminopurine 0-49 0-72 0-42 0-58 
6-Dimethylaminopurine 0-52 0-78 0-44 0-70 
Thymine 0-70 0-51 0-45 
Adenine 0-61 0-28 0-35 
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same all the ribosides showed marked mobili- 
ties, the purine compounds moving with adenosine 
and thymine riboside between adenosine and 
uridine (Table 3). The different mobilities these 
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Fig. Ultraviolet-absorption spectra enzymically pre- 
pared thymine riboside (——) and 
-). Points are for samples isolated from 
the RNA wheat germ (@) and 0-1n-KOH 
(A). For each sample the spectra acid and alkali are 
for solutions the same concentration, the spectrum 
acid being plotted give value for 1-0 267 
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Fig. Ultraviolet-absorption spectra enzymically pre- 
pared 2-methyladenosine (——) and 
Points are for samples isolated from 
the RNA coli B/r (@) and 0-1n-KOH 
(A). For each sample the spectra in acid and alkali are 
for solutions the same concentration, the spectrum 
acid being plotted give value for 1-0 258 mu. 


two buffer systems indicated that the four com- 
pounds formed negatively-charged complexes with 
the borate ion and presumably contained the 
and -3’ hydroxyl groups ribose (Jaenicke 
Vollbrechtshausen, 1952). The formation this 
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Fig. Ultraviolet-absorption spectra enzymically pre- 
pared 6-methylaminopurine riboside (——) 
and Points are for samples iso- 
lated from the RNA aerogenes (@) and 
(A). For each sample the spectra acid and 
alkali are for solutions the same concentration, the 
spectrum acid being plotted give value for 
1-0 262 
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Fig. Ultraviolet-absorption spectra enzymically pre- 
pared 6-dimethylaminopurine riboside 
isolated from the RNA aerogenes 
and Spectra acid and alkali are for 
solutions the same concentration, the spectrum acid 
being plotted give value for 1-0 268 
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complex was also indicated markedly reduced 
these four ribosides solvent the 
presence borate. 

Ribose, identified its mobility chromato- 
graphy with solvent and the colour given 
heating with aniline hydrogen phthalate (Partridge, 
1949), was the only sugar detected acid hydro- 
lysates the ribosides 2-methyladenine and 
methylaminopurine. Similarly, using the reaction 
thymine riboside with hydrazine, demon- 
strated the presence ribose this compound. 
The solvent and the colour given with 
aniline hydrogen phthalate would distinguish 
ribose from deoxyribose, xylose, lyxose, and other 
pentoses and hexoses (Bernstein, 1953). Owing 
the small amounts material available have 
not demonstrated the presence ribose 
dimethylaminopurine riboside this method. 

Further evidence that these compounds were not 
deoxyribosides was provided the conditions 
required for their acid hydrolysis. Unlike purine 
deoxyribosides, the purine ribosides were stable 
20°, although they were hydrolysed 
100°. The riboside thymine was un- 
changed this latter treatment but was converted 
into thymine heating with perchloric acid, 
treatment with periodate followed 
Thymidine would not have been converted into 
thymine the latter method depends the 


Table Ultraviolet-absorption maxima for 
methylated bases and their ribosides 


Thymine 265 290 
2-Methyladenine 266 271 
6-Methylaminopurine 267 273 
277 281 
Thymine 267 268 
2-Methyladenine 258 263 
2-Methyladenine 273 276 
6-Methylaminopurine 262 266 
6-Dimethylaminopurine 268 276 


Data from Friedrich Bernhauer (1957); the value 
alkali for 12. 


Table Electrophoretic mobilities ribosides 


Mobilities are expressed distance moved towards 
anode hr. with 20v/em. 


glycine 


buffer buffer 
Thymine riboside 12-7 2-7 
2-Methyladenine riboside 8-9 0-2 
6-Methylaminopurine riboside 
6-Dimethylaminopurine riboside 0-4 
Uridine 
Adenosine 9-2 0-3 
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presence two adjacent hydroxyl groups the 
sugar. 

the above methods the four ribosides two 
preparations RNA from coli and one from 
aerogenes were converted into the bases. 
addition 6-methylaminopurine has been isolated 
from the riboside prepared from the RNA liver 
and wheat germ. all instances the bases released 
corresponded chromatographic behaviour with 
known samples thymine, 2-methyladenine, 
methylaminopurine 
(Table and had the same ultraviolet-absorption 
maxima (Table 2). Figs. the spectra the 
naturally occurring bases are superimposed 
those the known bases. 


Isolation ribotides 


Since the RNA preparations were purified 
reprecipitation, seemed unlikely that these four 
methylated bases were present the RNA pre- 
parations free nucleotides. exclude this 
possibility more conclusively, have isolated 
from the RNA coli substances that pre- 
sume are the riboside 2’- and 3’-phosphates the 
four bases. described above, chromato- 
graphed alkaline digest RNA solvent and 
eluted the area between guanylic acid and the 
small amounts ribosides present. This material 
was rechromatographed solvent for hr. 
this time indistinct bands had separated 
ahead uridylic acid; these were eluted together 
and run paper electrophoresis ammonium 
formate buffer found that this 
system the mobilities the ribotides thymine, 
6-methylaminopurine, 6-dimethylaminopurine and 
2-methyladenine were 0-90, 0-46, 0-42 and 0-19 
that uridine 2’- and 3’-phosphate marker. 
Although these compounds did not always give 
distinct bands, thymine riboside was thus separ- 
ated from the mixture ribotides 
aminopurine and 6-dimethylaminopurine, which 
were then distinguished chromatography with 
solvent The ribotide 2-methyladenine was 
sometimes present this electrophoresis paper, 
but was usually found similar electrophoresis 
the band containing uridylic acid. was separated 
from any cytidylic acid subsequent chromato- 
graphy with solvent 

These ribotides were present approximately 
the same amounts relative uridylic acid was 
predicted the proportions the ribosides iso- 
lated from the same RNA. They were dephos- 
phorylated with prostatic phosphomonoesterase 
but not rattlesnake venom containing specific 
5’-nucleotidase (Gulland Jackson, 1938), and 
since they were formed alkaline hydrolysis 
the RNA they were regarded riboside 2’- and 3’- 
phosphates. The ribosides produced prostatic 
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phosphomonoesterase, well the bases released 
subsequent acid hydrolysis, were identical with 
those described above. The ultraviolet-absorption 
maxima the ribotides were essentially the same 
those the ribosides given Table 
solvent the ribotides 6-dimethylaminopurine, 


220 240 260 280 300 
Wavelength (my) 


Fig. Ultraviolet-absorption spectra thymine. Smooth 
curves are for synthetically prepared sample, and 
points for sample isolated from the RNA coli B/r, 
each sample spectra acid and alkali are for solutions 
the same concentration, the spectrum acid being 
plotted give value for 1-0 265 


220 240 260 280 300 
Wavelength (my) 


Fig. Ultraviolet-absorption spectra 2-methyladenine. 
Smooth curves are for synthetically prepared sample, 
and points for sample isolated from the RNA 
For each sample spectra acid and alkali are for solu- 
tions the same concentration, the spectrum acid 
being plotted give value for 1-0 266 


6-methylaminopurine, thymine and 
adenine had values 0-52, 0-44, 0-33, and 0-23, 
compared with 0-20 for uridine 2’- and 3’-phos- 


phates. the presence large amounts other 


ribotides the values for these four compounds 
were reduced, and they frequently did not form 


220 240 260 280 300 
Wavelength (my) 

Fig. Ultraviolet-absorption spectra 
purine. Smooth curves are for synthetically prepared 
sample, and points for sample isolated from the RNA 
(O- -O). For each sample spectra acid and alkali are 
for solutions the same concentration, the spectrum 

acid being plotted give value for 1-0 267 


220 240 260 280 300 
Wavelength (my) 


Fig. Ultraviolet-absorption spectra 6-dimethylamino- 


purine. Smooth curves are for synthetically prepared 
sample, and points for sample isolated from the RNA 
(O- -O). For each sample spectra acid and alkali are 
for solutions the same concentration, the spectrum 
acid being plotted give value for 1-0 277 
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clear-cut bands ahead uridylic acid. However, 
when present large quantities, wheat-germ 
RNA, they may separated chromatography 
alone. 

This evidence that the riboside and 3’- 
methylaminopurine 
can prepared from the RNA coli makes 
unlikely that these compounds were present free 
contaminants our RNA preparations, since 
would unusual for the latter occur the 2’- 
and 3’-phosphate form (Schmitz, Hurlbert 
Potter, 1954; Schmitz, 1954a,b; Manson, 1956; 
Ballio, Casinovi Serlupi-Crescenzi, 1956; 
Park, personal communication). Moreover, 
have searched for and failed find the ribotides 
ribosides thymine and 2-methyladenine the 
solution obtained extraction coli with 
60% ethanol (As this work was carried 
out before the isolation 6-methylaminopurine and 
6-dimethylaminopurine from the RNA, did not 
examine this material for the nucleosides and 
nucleotides these compounds.) 

From the RNA coli digested with rattle- 
snake venom have isolated the ribosides 
thymine, 2-methyladenine and 6-methylamino- 
purine, and material with the chromatographic 
behaviour the riboside 6-dimethylamino- 
purine. This last compound has been detected 
two such digests, but both instances the ultra- 
violet absorption this material has been greater 
than was expected and the acid and alkaline 
maxima have been below those expected, 
suggesting that might contaminated 
another compound. the nucleotidase rattle- 
snake venom would expected hydrolyse 5’- 
nucleotides, but not (Gulland 
Jackson, 1938), the formation the ribosides 
this method indicates that the 5’-ribotides were 
formed intermediates. This provides evidence 
that some, not all, these four compounds are 


present the RNA 3’:5’-phosphodiester linkages. 
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Amounts methylated bases RNA 
from different sources 


Table are shown the molar proportions 
thymine, 2-methyladenine, 6-methylaminopurine 
and 6-dimethylaminopurine relative uracil 
RNA from various sources. The values were 
actually determined from the ultraviolet absorp- 
tion the isolated ribosides, known portion 
the total ribosides being chromatographed 
solvent isolate the uridine for estimation. 
Most the figures were based single analysis, 
but where two analyses were carried out the results 
varied the smaller variations being 
obtained where larger amounts the riboside were 
isolated. Table all multiple analyses have been 
averaged. 

Each microbial RNA contained all four bases 
similar proportions, except that 6-dimethylamino- 
purine appeared absent from the RNA 
aureus. coli, known source compound 
containing 2-methyladenine (Dion al. 1954; 
Brown al. 1955), had relatively large pro- 
portion this base the RNA. wheat-germ 
RNA thymine and 6-methylaminopurine were 
particularly prominent, the ribotides these two 
bases alkaline digest forming clear-cut bands 
ahead uridylic acid with solvent 

contrast with the results with RNA extracted 
from plant and microbial sources, thymine and 
methyladenine were absent from the RNA both 
whole rabbit liver and rat-liver microsomes. The 
RNA turnip yellow mosaic virus was essentially 
free (less than one per 7000 nucleotides) from all 
four bases and the RNA tobacco mosaic virus 
contained only small amount 6-methylamino- 
purine riboside (one per 10000 nucleotides). 
Moreover, possible that this material was 
either derived from contaminating leaf RNA the 
virus preparation or, was explained above, was 
actually adenine. the RNA single particle 
each these viruses has molecular weight 


Table Molar proportions methylated bases ribonucleic acids from several sources 


Moles/100 moles uracil 


Source ribonucleic acid Thymine 
coli 0-9 
coli 1-0 
aerogenes 1-2 
aureus 0-9 
Yeast 0-6 
Wheat germ 


Whole rabbit liver 

microsomes 
Turnip yellow mosaic virus 
Tobacco mosaic virus 


Not examined. 


No. 


adenine aminopurine aminopurine analyses 

0-4 
0-3 
0-3 0-3 0-1 
0-05 0-2 
0-1 0-2 0-05 

3:7 0-06 1 

0-1 


Indicates less than 


0-23, 
nino- 
KOH 
are 
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(Markham, 1951; Schramm, 1954), seems 
unlikely that any the four methylated bases 
regular component the virus particles. 


DISCUSSION 


have presented evidence that thymine, 
methyladenine, 6-methylaminopurine 
methylaminopurine occur naturally ribonucleic 
acids derived from several microbial, plant and 
mammalian sources. Particularly have tried 
establish that these compounds occur ribotides 
the polyribonucleotide chains and not de- 
oxyribotides free ribotides accompanying our 
ribonucleic acid preparations. have not far 
examined whether these bases are present mainly 
short long polynucleotides. None the ribo- 
tides isolated was the same the additional 
nucleotide which Cohn (1957) and Davis Allen 
(1957) isolated from yeast ribonucleic acid and 
possibly from that other sources. However, our 
chromatographic methods might expected 
reveal only such methylated derivatives uracil 
and adenine have found. Other additional 
bases may well discovered different methods. 
The results Cohn and Davis Allen and the 
isolation three methylated derivatives guanine 
from ribonucleic acids several sources (Adler 
al. 1958; Dunn Smith, 19586) support such 
viewpoint. 

Although there increasing evidence that cells 
contain acids different types and 
functions (Smellie, 1955), the precise role the 
different ribonucleotides any type ribonucleic 
acid unknown. Consequently, the presence 
acid the small amounts the four 
bases have studied open many interpre- 
tations. For example, acid which 
functions template for protein synthesis 
(Brachet, 1955), 6-methylaminopurine might parti- 
cipate the coding uncommon amino acid 
such cysteine tryptophan, some way 
might act produce correct termination the 
polypeptide chain. Though 
cannot excluded, the ribonucleic acid from plant 
viruses, which might considered 
sentative ‘template’ ribonucleic acid, appears 


devoid these four methylated bases. 
addition, liver microsomes, which have been 


shown involved protein synthesis (Brachet, 
1955), contain 6-methylaminopurine but thy- 
mine 2-methyladenine. 

Cells contain some ribonucleic acid which turns 
over rapidly, and has been suggested that this 
may part serve store bases their nucleotides 
for future use (Soodak, 1956). Such ribonucleic 
acid may occur the soluble fraction liver cells 
(Smellie, 1955) and its synthesis may involve 
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enzymes such the polynucleotide phosphorylase, 
found many bacteria, which appears syn- 
thesize ribonucleic acid rather unspecific com- 
position (Ochoa Heppel, 1957). The four bases 
have studied may stored this type 
ribonucleic acid and used for more important 
functions elsewhere the cell. The thymine present 
ribonucleic acid may thus used for synthesis 
acid, but the small quantities 
this compound ribonucleic acid are unlikely 
contribute significantly this way. also seems 
unlikely that the ribotide thymine represents the 
direct precursor the deoxyribotide, since the 
thymine-requiring organism, coli 
unable use thymine riboside directly for growth 
(Cohen Barner, 1956). seems quite possible 
from studies with unnatural purines 
midines (Markham, 1958) that these four 
ated bases, rather than being stored for future use, 
replace uracil adenine ribonucleic acid 
merely because they are present the cell for 
other purposes. The occurrence thymine the 
ribonucleic acid bacteria and yeast 
absence from that liver may thus simply reflect 
the much lower rate its synthesis for deoxy- 
ribonucleic acid the latter. The presence the 
three methylated adenines ribonucleic acid may 
similarly result from their formation for other 
purposes. The occurrence 6-methylaminopurine 
deoxyribonucleic acid (Dunn Smith, 
2-methyladenine the vitamin B,,-like Factor 
(Dion al. 1954; Brown al. 1955), and 
dimethylaminopurine puromycin (Waller al. 
1953), all support this view. However, the limited 
range micro-organisms which such compounds 
containing these methylated adenines have been 
found previously contrasts with the wide range 


organisms which have these bases their ribo- 


nucleic acids. thus seems possible that the 
methylated adenines may have functions cell 
metabolism other than those that have far been 
described. 

SUMMARY 


The ribonucleic acid from several microbial, 
plant and mammalian sources has been shown 
contain thymine, 2-methyladenine, 6-methylamino- 
purine and 6-dimethylaminopurine amounts 
varying from 0-05 the uracil. 

The compounds were isolated mainly 
ribosides and identified chromatographic and 
spectroscopic comparison with known samples. 
Each the ribosides was converted into the 
corresponding base. addition the riboside 
and 3’-phosphates have been isolated; this and 
other evidence indicates that the four bases were 
originally present linkage 
the acid. 
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Although all four methylated bases were 
detected the ribonucleic acid from most the 
micro-organisms examined, thymine and 
adenine were not found liver ribonucleic acid and 
all these bases appeared absent from the 
acid two plant viruses. 


Brown and his colleagues and the American Cyanamid Co. 
for gifts chemicals, Park for the sample 
Staphylococcus aureus and Harris for sample 
virus ribonucleic acid. are indebted Smith 
for the sample wheat-germ ribonucleic acid and especi- 
ally for his helpful advice. are grateful 
Gordon for drawing our attention the existence the 
synthetic ribosides. One (J.W.L.) was aided 
scholarship grant from the American Cancer Society and 
Atomic Energy Commission contract 1207, and 
wishes thank the Wellcome Trustees for travel grant. 
was leave from the John Collins Warren Laboratories 
the Huntington Memorial Hospital Harvard Uni- 
versity the Massachusetts General Hospital, Boston, 
Massachusetts. 
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The Bacterial Exotoxins the Non-Protein 
Content the Tissues Different Animal Species 


National Institute for Medical Research, Mill Hill, London, N.W. 


(Received April 1958) 


Cortisone acetate (Long Miles, 1950) and hydro- 
cortisone (Long Spensley, 1954) depress sensi- 
tivity tuberculin guinea pigs. This desensi- 
tization does not occur guinea pigs mildly 
associated with the oxidation acid 
acid. There appears exist 
antagonism between corticosteroid desensitizing 
agents and glutathione that injection reduced 
glutathione prevents desensitization all cases 
(Long, 1954). From these findings has been 
suggested that adrenocortical activity 
mately concerned metabolism. 

There evidence that adrenocortical stimula- 
tion the injection corticotrophin corti- 
sone acetate decreases blood non-protein —SH. 
Cortisone has been shown cause decrease 
blood glutathione the rat proportional the 
glycosuria produced (Lazarow Berman, 1950). 
Several workers have shown that man, cortisone 
treatment results decreased blood glutathione 
proportional the increase blood sugar (Hess, 
Kyle Doolan, 1951; Goldzeiher, Epstein, Rawls 
Goldzeiher, 1953; Kass, Ingbar Finland, 1950). 
agreement with this, Conn and his colleagues 
(Conn, Louis Wheeler, 1948; Conn, Louis 
Johnston, 1949a,b) have 
trophin induced hyperglycaemia and fall 
blood non-protein man, and that pre- 
treatment with glutathione alleviated the hyper- 
glycaemia. 


shown 


METHODS 


order exclude variations endocrine activity due 
the oestrous cycle, male animals were used throughout. The 
species and approximate weights were: albino mice the 
Parkes strain, g.; hooded rats, 180 g.; albino guinea pigs 
the Hampstead strain, sandy half lop-eared 
rabbits, 2-0 kg.; Dutch rabbits, 1-5 kg.; Rhesus monkeys, 
2-5-3-0 kg. Mice and rats were fed Bruce Parkes 
(1949) pelleted diet 41; guinea pigs and rabbits Bruce 
Parkes (1947) pelleted diet 18, supplemented with 
skimmed milk, hay and cabbage. examine the effect 
diet the responses rabbits, second group was fed 
from the time weaning diet oats, fishmeal, hay 
and cabbage. The Rhesus monkeys were given diet 
supplemented with cabbage and dates. All animals had tap 
water drink and were maintained temperature- 
controlled rooms 


The bacterial exotoxins 


Three preparations bacterial exotoxin, with widely 
different pharmacological actions, were selected: 

Corynebacterium diphtheriae toxin. T.P. 2776 (produced 
the Wellcome Research Laboratories), the current 
laboratory standard diphtheria toxin, was used, Lr/1000 
dose (Wilson Miles, 1955); international Schick 
unit (as assayed the method Gerwing, Long 
Mussett, 1957). The dose for guinea pigs was i.u. into 
the adductor muscles the left leg. 

Shigella shigae (dysentery toxin) (toxin BI). The current 
laboratory standard ‘Shiga’ toxin was used: for rats, 
0-45 ml.; for guinea pigs, 1-0 ml. The dose for rats 
was 0-40 ml. intraperitoneally, and for guinea pigs 0-25 ml. 
intraperitoneally. 

Clostridium septicum (V.S. VI). The current 
laboratory standard toxin was used. This toxin has tue 
advantage that all the species included this paper are 
susceptible its toxic action. The (Wilson Miles, 
1955) dose for mouse 2-6 mg. 

All species were injected with mg./kg. into the ad- 
ductor muscles the left leg. further experiment was 
carried out rabbits, which the effects 50, and 
mg. toxin/kg. were compared. 


Determination non-protein 

The method Grunert Phillips (1951) was used with 
minor modification. The final step this method involved 
the addition first nitroprusside reagent and then 
sodium carbonate mixture the tissue 
filtrate. The colour obtained proportional the non- 
protein content the filtrate. The acid filtrate rapidly 
destroyed the nitroprusside and made consistent results 
hard obtain, but this could prevented adding the 
alkaline mixture immediately before the nitroprusside. 
Direct experiments with known dilutions glutathione 
confirmed the validity this modification. Intensity 
colour was measured Unicam SP. 350 absorptiometer 


RESULTS 


Rat. Forty rats were injected with Cl. septicum 
toxin. Ten toxic and ten non-toxic controls were 
killed with chloroform intervals 


Samples the middle lobe the liver and the 
adductor muscle the right front leg were taken, 
weighed and frozen dry ice. The non-protein 
content samples was calculated mg./100 
tissue. 
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The maximal effect was obtained after hr.; 
muscle non-protein —SH levels were 36-6 lower 
toxic than non-toxic rats; liver levels had in- 
creased Gradual recovery occurred with 
time (Figs. 

comparable statistically significant effect was 
produced with Sh. shigae toxin after 
(Table 1). 


Time (hr.) 


Fig. Effect Cl. septicum toxin the levels non- 
(Differences between control and stressed livers: hr. 
48hr. P=0-01-0-001; 72hr. and 
P>0-1. Differences between control and stressed muscle: 
24hr. P<0-001; and P=0-01-0-001; hr. 
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Mouse. Comparable experiments with Cl. 
septicum toxin injected into ten mice produced 
effects similar those obtained rats (Figs. 3). 

Guinea pig. Forty guinea pigs were injected 
with Cl. septicum toxin and experiment was 
out which was essentially the same the 
first described for rats. The non-protein —SH 
content the livers animals treated with toxin 
were not altered significantly. significant fall 
the non-protein content muscle occurred 
hr. and this was followed rises above normal 
borderline significance. However, the fact that 
this increase occurred successive days suggests 
that the effect real, though slight (Figs. 

Comparable effects were obtained with Sh. shigae 
toxin and with diphtheriae toxin. 

Monkey. Five Rhesus monkeys were injected 
into the adductor muscle the left hind leg with 
Cl. septicum toxin. Significant decreases non- 
protein levels were found both liver and 
muscle (Figs. 3). 

Rabbit. The rabbits this Laboratory are very 
susceptible agents that damage the liver, and 
even normal control animals the incidence 
cirrhosis the liver high. little 100 
diphtheria toxin killed rabbits kg. Death 
was associated with marked liver damage. such 
animals the non-protein —SH the liver fell and 
the level muscle rose. Because these findings, 
and long-standing belief that the diet 
rabbits contributed their liver disease, Dutch 
rabbits were taken the time weaning and fed 
new full diet. This strain rabbit was 
selected because had always thrived better than 
the other strains kept this Institute. experi- 
ment was carried out them, when mature, 
which graded doses toxin were given different 
groups. The results (Fig. showed that the smallest 
amount Cl. septicum toxin tested mg./kg.) 
gave results comparable with those obtained the 


Table Effect hr. toxin the non-protein levels liver and muscle tissues 


Animal Tissue Toxin 
Rat Control liver 
Stressed liver Sh. shigae 
Control muscle 
Stressed muscle Sh. shigae 
Guinea pig Control liver 
Stressed liver Sh. shigae* 
Control muscle 
Stressed muscle Sh. shigae* 


Control liver 
Stressed liver 


Guinea pig 
diphtheriae* 
Control muscle 
Stressed muscle 


diphtheriae* 
Single injection. 


Non-protein 
(mg./100 
tissue) 
163-5 4-62 

17-0 5-65 
11-6 
1-21 
261-8 
28-7 5-13 
22-0 
4-36 


Degrees 
freedom 


<0-001 


<0-001 
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and mouse, namely increase the non- 


330 protein content liver and decrease the 
amount present muscle; but, apparently, the 
310 new diet did not significantly 


resistance bacterial exotoxins. 


Rat Mouse Rabbit Guinea Monkey 
pig 
Animal species 


290 
420 
270 
250 
410 
230 
a £ 
c 
210 
Qa 
c 
190 
170 
150 


—20 


Fig. Effect hr. single injection Cl. septicum 
toxin non-protein levels liver various 
animal species. (Analyses differences: mice, 
Control; stress. Time (hr.) 
Fig. Effect single injection Cl. septicum toxin 


guinea pigs. 
290 
270 
= 
250 
230 
210 
re) c 
170 
150 
Rat Mouse Rabbit Guinea Monkey 
pig Dosage toxin (mg./kg.) 
Fig. Effect hr. single injection Cl. septicum liver (—) and muscle non-protein rabbits. 
toxin muscle non-protein various animal (Analyses differences liver mg. toxin/kg. 
guinea pigs, P<0-001; monkeys, <0-001.) differences muscle tissues: toxin/kg. 
Control; stress. P>0-1; mg./kg. P=0-5-0-01, mg./kg. =0-01). 
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DISCUSSION 


all the species tested, bacterial exotoxins cause 
fall the non-protein content muscle. 
Their effect the non-protein content 
liver variable. the rat, mouse and rabbit, 
liver levels non-protein increased when 
these species were injected with toxins. the 
guinea pig the liver was unaffected and, the 
Rhesus monkey, there was decrease liver non- 
protein has previously been noted that 
profound species difference exists the response 
the rat, rabbit and mouse, one hand, and the 
guinea pig and the Rhesus monkey, the other, 
prolonged cortisone treatment. The former group 
lose body weight and show fall circulating 
globulin, whereas the latter group maintain body 
weight and circulating y-globulin (Shewell Long, 
1956). This species difference maintained the 
response the thyroid glands these animals 
intoxication. Bacterial exotoxins stimulate activity 
both the thyroid gland and the adrenal cortex 
guinea pigs and Rhesus monkeys, but cause 
stimulation the adrenal cortex with reciprocal 
depression thyroid activity rats, mice and 
rabbits (Gerwing, Long Pitt-Rivers, 1958). 
possible that this difference the endocrine 
response responsible some way 
for the differences the effect toxic stress 
liver non-protein —SH these species. However, 
the outstanding fact remains that stress produced 
this means causes fall non-protein 
the muscle all species tested. 

indicated above, there great deal 
indirect evidence suggest that corticotrophin and 
cortisone depress sensitivity tuberculin the 
skin the guinea pig influencing meta- 
bolism (Cornforth Long, 1952, 1953; Long, 1954, 
1955). These findings gave rise the hypothesis 
that cortisone (Cornforth Long, 1953) interfered 
with the metabolism glutathione the course 
general interference with protein synthesis. 
this hypothesis true, one might expect find 
subnormal level non-protein the 
carcass animals under stress. The hypothesis 
supported the extent that this effect has now 
been found. 


SUMMARY 


causes increase liver non-protein and 
decrease muscle non-protein rats and 
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single injection toxin did not affect the 
level non-protein the liver guinea pigs 
but caused decrease the level muscle. 

single injection toxin caused decrease 
the levels non-protein both liver and 
muscle Rhesus monkeys. 

single injection small dose toxin 
caused increase the level non-protein 
the liver and decrease the level muscle 
rabbits. Large doses toxin caused liver damage 
associated with reverse effects. 

The importance considering difference 
between species emphasized. 

The importance considering differences 
between the response stress the viscera and 
the carcass emphasized. 


The authors are most grateful Cornforth, 
F.R.S., for his help and advice this work. This work 
forms part Thesis (J.G.) accepted the University 
London part fulfilment the requirements for the degree 
Doctor Philosophy. 
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The Distribution Ergothioneine Blood Determined 
New Method Estimation 


JOCELYN 
Department Clinical Chemistry, University Edinburgh 


(Received April 1958) 


Ergothioneine usually determined biological 
media measuring the intensity the red colour 
which develops when diazotized sulphanilic acid 
and strong alkali are added deproteinized 
solution (Hunter, 1928). Other methods which 
have been used lack specificity fail give 
quantitative recoveries added ergothioneine 
(e.g. those Salt, 1931; Sullivan Hess, 1933; 
Touster, method, however, 
itself unsatisfactory since other compounds present 
blood and tissue either inhibit the development 
the red colour (e.g. glutathione and cysteine) 
mask combining with the reagent produce 
differently coloured complexes (e.g. phenols, 
histidine, uric acid). Moreover, the same red 
colour given thiolurocanic acid and other 
thiolimidazoles (Lawson, Morley Woolf, 1951). 

consequence, several modifications Hunter’s 
method have been proposed. These include co- 
precipitation with various reagents, either the 
ergothioneine (Lawson, Morley Woolf, 1950) 
the interfering substances (Hunter, 1949). 
Techniques involving preliminary separation 
the ergothioneine chromatography have been 
described (Melville Lubschez, 1953; Heath 
Wildy, 1956) but these are too lengthy for general 
use. 

this paper, method presented for esti- 
mating ergothioneine which both easy perform 
and apparently specific biological samples. 
based the fact (Barger Ewins, 1911) that when 
ergothioneine (I) heated (w/v) potassium 
hydroxide solution 100°, thiolurocanic acid (IT) 
formed loss trimethylamine. 

Under suitable conditions this reaction can 
made quantitative. The trimethylamine released, 
which can aerated into acid and 
estimated the picrate, then measure the 
original concentration ergothioneine. 


MATERIALS AND METHOD 


Reagents. Ergothioneine hydrochloride (Burroughs 
Wellcome Ltd., London. Analytically pure when dried 
vacuo over phosphorus pentoxide) was standardized 
titration with neutral solution (Woodward 
Fry, 1932). 

Trimethylamine solution, prepared collecting the 
distillate from alkaline solution the hydrochloride 
(British Drug Houses Ltd.), was standardized with acid 
before dilution. 

Benzene, acetic acid, picric acid, sodium sulphate, 
ammonium sulphate, potassium carbonate, sodium hydr- 
oxide and potassium hydroxide were A.R. quality. The 
potassium hydroxide solution used contained 
alkali/100 ml. solution. 

Glutathione and hydrochloride were from 
British Drug Houses Ltd. The working Nessler solution was 
made from vol. stock solution, vol. 40% (w/v) 
sodium hydroxide solution, vol. saturated solution 
potassium carbonate and vol. water. The stock solution 
iodide/100 ml. 

Dialysis. Solutions were dialysed cellophan against 
running water for hr. 

Packed cells. Oxalated whole blood was centrifuged for 
min. 1000 and the plasma subsequently decanted. 

Deproteinized solutions. The proteins were precipitated 
from plasma, whole blood packed cells the heat and 
acetic acid method (Hunter, 1949), ml. sample giving 
ml. solution. The protein precipitate was separated 
from the supernatant centrifuging. one series 
experiments, the proteins were precipitated tungstic 
acid (Folin Wu, 1919) and hydroxide (Hagedorn 
Jensen, 1923). Dialysed plasma-protein solutions from 
ml. plasma were diluted ml. with water and protein 
precipitation effected adding ml. 25% (w/v) 
chloroacetic acid. 

Albumin and globulin fractions. These were prepared 
from plasma half-saturation with ammonium sulphate. 
The albumin fraction was filtered from the precipitated 
globulins and the latter dissolved water. Both solutions 
were then dialysed. 
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Spectrophotometry. Unicam SP. 500 spectrophoto- 
meter was used. 

Permeability studies. Packed cells, washed once with 
normal saline, were suspended equal volume 
sodium chloride solution with without known amount 
added ergothioneine. The mixture was incubated 37° 
and shaken occasional inversion. any visual 
haemolysis had during the incubation, the results 
were discarded. Samples the mixture were taken im- 
mediately after mixing and suitable intervals during the 
incubation. The cells were separated centrifuging and 
the concentration ergothioneine was estimated the 
supernatant. 


Method 


standard solution ergothioneine trimethylamine 
the filtrate from deproteinized human blood, 
packed cells plasma ml.) heated ml. glass- 
stoppered tube boiling-water bath. The potassium 
hydroxide solution similarly preheated ml.) carefully 
added, the tube stoppered and the contents are kept the 
bath for hr. The stopper removed and replaced 
all-glass bubbler connected tube containing ml. the 
solution and drops octan-2-ol. The 
outlet from the Nessler tube connected mixture 
ml. benzene and 0-05 ml. picric acid benzene, 
which traps the trimethylamine the benzene-soluble 
picrate (Dyer, 1945). joining the outlet from the 
benzene tube the inlet second alkali-treated sample, 
large number specimens can aerated one opera- 
tion. 

The tubes are kept room temperature and air, 
washed preliminary bubbling through n-hydrochloric 
acid and picric acid benzene, drawn through during 
lhr. The picric acid-trimethylamine picrate—benzene 
solutions are poured into ml. measuring flasks, the tubes 
washed out with benzene and the volumes (reduced 
about evaporation) made 5ml. with 
benzene. The absorption 410 then measured 
mm. glass cell against picric acid—benzene blank. 

estimate free trimethylamine the presence ergo- 
thioneine, the potassium hydroxide solution replaced 
equal volume saturated potassium carbonate solution 
and the mixture aerated directly. estimate the release 
trimethylamine, means alkali, from the proteins 
precipitated heat and acetic acid from ml. blood, 
packed cells plasma, the precipitate suspended, after 
washing with water, ml. water and the alkali added 
described. After incubation, the aeration prolonged 
for hr. and the volume Nessler solution used doubled 
ensure the complete trapping ammonia produced from 
the alkali-treated proteins. 


RESULTS 
After treating standard solutions trimethylamine 
with either alkali carbonate, the optical density 
the trimethylamine picrate—picrate acid—benzene 
solutions 410 was found linearly 
related the original trimethylamine concentra- 
tions least mg./100 ml. (Fig. 1). When 
ammonia methylamine ml. solution con- 
taining 150 mg./100 ml.) was previously added 
the trimethylamine, there was interference, the 
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Fig. Optical density solutions after 
aeration trimethylamine from standard solutions. 


Table Determination trimethylamine released 
from ergothioneine solution adding potassium 
hydroxide solution 


The volume ergothioneine solution was ml.; ml. 
(w/v) KOH solution was used. 


Optical density Trimethylamine 

ergothioneine 
soln. picrate 

ml.) 410 Found Cale. 
0-72 0-07 
1-44 0-11 
2-16 0-18 
2-88 0-28 
3-60 0-31 
4-32 0-40 
5-04 0-49 
5-76 0-51 
6-48 0-65 
7-20 0-69 


two bases being quantitatively removed the 
Nessler solution. 

false positive was given dimethylamine but 
the colour produced was only fifth the in- 
tensity for the same weight trimethylamine (see 
also Dyer, 1945). 

When the method was applied standard 
solutions ergothioneine, the trimethylamine 
released after treatment with potassium hydroxide 
was equivalent the theoretical amount mole/ 
mole the thiol (Table 1). This result was also 
found after first treating the ergothioneine with 
equivalent iodine convert into the disul- 
phide form (Woodward Fry, 1932). the 
other hand, amine was released when ergo- 
thioneine was treated with equal volume 
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saturated potassium carbonate solution which 
mixture free trimethylamine insoluble. 

Choline betaine did not release any detectable 
1000 after treatment solution with equal 
volume 100% (w/v) potassium hydroxide 
solution 100° for either alone the 
presence known amount ergothioneine. 

Recoveries from plasma, packed cells blood. 
When ergothioneine was added plasma, re- 
coveries this method amounted (Fig. 2). 
The values obtained typical recovery experi- 
ments from plasma, corpuscles and blood are 
tabulated below (Table 2), from which will 


Concn. ergothioneine concentration 
(mg./100 ml.) 


Fig. added ergothioneine from human 
plasma. (The interrupted line represents 100 recovery.) 


Table Recoveries ergothioneine added blood, 
packed cells and plasma 
Amount 


ergothioneine Recovery ergothioneine from 
fluid Whole Packed 
blood Plasma cells 
22, 17, 16, 17, 13, 16, 
34, 32, 35, 32, 31, 
51, 53, 52, 46, 46, 
71, 66, 70, 71, 68, 60, 
85, 82, 86, 84, 83, 85, 
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seen that reasonably consistent recoveries are 
attainable. 

Normal values human plasma, packed cells and 
blood. The values for number human subjects 
are set out Table some cases estimation 
was performed for free trimethylamine using 
potassium carbonate place the alkali, but the 
values thus obtained were never significantly above 
the control levels. 

Permeability packed cells ergothioneine. 
After incubation the cells suspended ergo- 
sodium chloride solution, sub- 
sequent measurements the ergothioneine re- 
maining the saline solution showed that there 
was entry into the cells hr. either 
37° and with initial ergothioneine concen- 
tration mg./100 ml. the other hand, 
after incubation the cells with saline alone, 
these two temperatures and after ergo- 
thioneine could subsequently detected the 
separated saline solution. 

Protein-bound ergothioneine. When the proteins 
precipitated heat and acetic acid from blood, 
plasma and packed cells were examined for ergo- 
thioneine described above, considerable amounts 
trimethylamine were released. The values for 
ergothioneine obtained were larger than for the 
corresponding deproteinized supernatants and less 
subject variation between different samples 
(Table 3). The amount ergothioneine held the 
blood proteins was not significantly affected the 
use different protein precipitants and, with 
plasma proteins, was also unchanged after 
dialysis the plasma either alone after treat- 
ment with reducing agents 4). 

After separation the plasma proteins into 
albumin and globulin fractions, the trimethylamine 
released alkali after dialysis the separated 
protein solutions was slightly greater for the 
albumin fraction than for the globulins from the 
same amount plasma (Table 4). 


DISCUSSION 


The results with potassium carbonate show that 
there free trimethylamine, detectable this 
method, normal human blood. Since ammonia 
and primary amines are trapped the Nessler 


Table 


No. 
Material estimations 
Whole blood 
Packed cells 
Plasma 
Total blood proteins 
Packed cell proteins 
Plasma proteins 


Normal values for ‘free’ ergothioneine man 


Average value Standard 

(mg./100 ml.) (mg./100 ml.) deviation 
1-7 
0-9 
0-2 
2-7 0-2 
3-0 
1-0-1-6 0-2 
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Table Properties ‘protein-bound’ ergothioneine 


The same batch blood plasma was used throughout. The results represent ergothioneine bound the proteins 
precipitated from ml. blood plasma after the treatment described. Each the ergothioneine values represents the 


mean three estimations. 


Protein source Treatment 
Whole blood Untreated 
Plasma Untreated 


Dialysed alone 
Dialysed after adding 
glutathione (100 mg./ml.) 


Dialysed after adding cysteine 


hydrochloride (100 mg./ml.) 


Dialysed after adding sodium 


sulphite (100 mg./ml.) 
Dialysed albumin fraction 
Dialysed globulin fraction 


Table Ergothioneine levels human blood 


Ergothioneine 
range 

(mg./100 ml.) Authors 
Hunter (1949) 
Lawson, Morley Woolf (1950) 
Latner Mowbray (1949) 
1-8-4-2 Melville Lubschez (1953) 


estimating ergothioneine depends the absence 
from blood other substances which, 50% 
(w/v) potassium hydroxide solution, release vola- 
tile secondary and tertiary amines. substances 
known occur blood and containing tri- 
methylamine residue, neither choline nor betaine 
itself liberates the amine under these conditions. 
The only other betaine known present 
significant amounts carnitine 
butyrobetaine) with range human blood 
ml. (Fraenkel, 1953). This, how- 
ever, releases trimethylamine only after prolonged 
treatment with solid alkali 150° (Krimsberg, 
diethylamine dimethylamine residue have not 
been reported occur blood. 

any case, from the nature the new method, 
values obtained for ergothionine represent maxi- 
mum values, yet the range found for normal 
human subjects lower than ranges reported 
the use various modifications the Hunter 
method (Table Hence the new method gives 
truer estimate ergothioneme levels and the 
Hunter method probably estimates some other 
compound addition ergothioneine. This could 
which give positive Hunter reaction. Neither 


Ergothioneine 
value 
Protein precipitant 

Heat and acetic acid 
Tungstic acid 
Zine hydroxide 
Heat and acetic acid 
Trichloroacetic acid 
Trichloroacetic acid 
Trichloroacetic acid 
Trichloroacetic acid 
Trichloroacetic acid 
Trichloroacetic acid 8-5 
Trichloroacetic acid 


acid has, however, been proved occur mam- 
malian tissues. 

has been reported (Heath Toennies, 1958) 
that ergothioneine disulphide gives value corre- 
sponding only the equivalent amount 
ergothioneine the Hunter reaction. not 
known whether this disulphide occurs animal 
tissues but, does, the results show that 
would estimated quantitatively ergothioneine 
the present method. 

Until now has not been possible detect ergo- 
thioneine the plasma. The Hunter method gives 
values equivalent concentration about 
mg./100 ml., but this has been attributed the 
presence interfering substances (Hunter, 1949; 
Fraser, 1950). Thus Melville Horner (1954), using 
chromatographic technique before the Hunter 
reaction, concluded that ergothioneine was 
present the blood plasma rats. 

the present work, small amounts ergo- 
thioneine have consistently been found human 
plasma. This ergothioneine probably does not 
originate directly from the supply the cells, 
since diffusion from cells saline was detectable 
37°. Diffusion also does not occur the reverse 
direction, even with unphysiologically high saline- 
ergothioneine concentrations or, already re- 
ported Heath, Rimington, Searle Lawson 
(1952), when ergothioneine added the plasma 
itself. This impermeability the cell membranes 
ergothioneine apparently not maintained 
enzymic mechanism, for there still equilibra- 

Since ergothioneine mammals seems 
exogenous origin, the plasma level probably de- 
pends on, and fluctuates with, the ergothioneine 
content the diet the time; because the cell 
impermeability therefore unlikely that the 


42-2 


reagent used, the validity the method for 
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plasma concentration bears any relation the 
concentration the cells. 

The finding that trimethylamine released 
alkali from the washed proteins plasma and 
whole blood some interest. the absence 
other known trimethylamine-liberating substances, 
this must assumed originate from ‘protein- 
bound’ ergothioneine. The main part the total 
blood ergothioneine (about 60%) present this 
bound form. Moreover, the values found are un- 
affected different ways precipitating the 
proteins dialysis, that the binding cannot 
due loose association complex ad- 
sorption ergothioneine the proteins during 
their precipitation. was suggested Melville 
Lubschez (1953) that the existence 
complex would account 
for their observation that, when rat blood was 
treated with reducing agents before precipitation 
protein with trichloroacetic acid, greatly increased 
values for blood ergothioneine resulted. With 
human blood, however, the failure diminish the 
level the ‘protein-bound’ ergothioneine 
treatment with cysteine, glutathione sulphite 
evidence against the existence such disulphide 
linkage. 

The slightly greater values found for albumin 
than for globulin binding are consistent with the 
greater concentration the former human 
plasma and render unlikely that specific protein 
associated with the ergothioneine. 


SUMMARY 


new method estimating ergothioneine 
biological fluids described which depends 
liberating trimethylamine from the thiol 
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alkaline solution and its determination 
picrate spectrophotometry. 

Values are given and discussed for the con- 
centration ranges ergothioneine found human 
blood, plasma and packed cells. 

Ergothioneine does not diffuse either out 
into human blood cells. 

Evidence given for the existence blood 
‘protein-bound’ ergothioneine. 

helpful criticism. 
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Toxopyrimidine Phosphate Inhibitor Bacterial Enzyme Systems 
that Require Pyridoxal Phosphate 


BARBARA HAUGHTON anp KING 
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(Received May 1958) 


Elucidation the structure thiamine was 
followed attempts determine the roles the 
two components the molecule the nutrition 
higher animals and micro-organisms (Abderhalden, 
1939). Surprisingly, the pyrimidine unit (4-amino- 
toxopyrim- 
idine; pyramin) proved markedly rats. 
Makino, Kinoshita, Sasaki Shioi (1954) showed 


that the animals could protected simul- 
taneous administration vitamin B,. They noted 
the structural similarity between toxopyrimidine 
(I) and pyridoxamine and suggested that the 
former was converted vivo into toxopyrimidine 
pyrimidine O-phosphate), which might then com- 
petitively displace pyridoxal phosphate from some 
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essential enzyme. Support for this idea came when 
Makino Koike synthesized toxopyrim- 
idine phosphate and demonstrated inhibition 
the tyrosine decarboxylase Streptococcus faecalis 
competition with the pyridoxal phosphate 
coenzyme. Inhibition growth certain micro- 
organisms toxopyrimidine can also reversed 
competitively pyridoxal, pyridoxamine 
pyridoxine (Scheunert, Haenel Meyer, 1957). 

The present work was undertaken determine 
whether toxopyrimidine phosphate useful 
competitive inhibitor studies with vitamin 
enzymes. Several inhibitor-analogues are known 
(Hurwitz, 1952), but far only deoxypyridoxine 
phosphate has attracted much attention. suffers 
from the disadvantage that optimum inhibitory 
action achieved only when the enzyme under 
examination has been resolved and the inhibitor 
allowed react with the apoenzyme the absence 
pyridoxal phosphate. appears that toxopyrim- 
idine phosphate suffers from this drawback too. 

preliminary account this work has appeared 
(Haughton King, 1957). 


MATERIALS AND METHODS 


Organisms. Streptococcus faecalis, National Collection 
Industrial Bacteria, strain nos. 6782 and 6783, was used. 
Proteus vulgaris 10L and Escherichia coli 106E were stock 
laboratory strains. Each organism was maintained sub- 
culture 2-monthly intervals nutrient agar slopes. For 
inoculation purposes subcultures were made nutrient 
broth [Lab-Lemco, (w/v); peptone, (w/v); sodium 
chloride, 0-5 (w/v); obtained the form dried granules 
from Oxo Ltd., London]. 

Reagents. Pyridoxal phosphate 
phosphate were generous gifts from Roche Products Ltd., 
through the courtesy Morrison. Tryptone was 
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obtained from Oxo Ltd., London. All other reagents were 
from commercial sources; amino acids were examined 
paper chromatography before use. 

Buffers. Phosphate and phthalate buffers were prepared 
adding the appropriate amount sodium hydroxide 
potassium dihydrogen phosphate potassium hydrogen 
phthalate (Cole, 1933). 

Cell-free enzyme preparations. Three methods were em- 
ployed: (1) Acetone-dried powders were prepared slowly 
pouring ice-cold suspension the organism into vol. 
cold acetone with continual stirring: the precipitate was 
collected the centrifuge, washed with cold acetone and 
ether and dried and stored vacuo. (2) Suspensions were 
shaken for 600 strokes/min. with grade 
Ballotini beads (Empire Glass Co., Leicester: King 
Alexander, 1948); the cell debris was centrifuged down and 
the supernatant used source the enzyme. (3) Sus- 
pensions were disintegrated crushing 20°, without 
abrasive, the Hughes press (Hughes, 1951). For cell-free 
extracts prepared methods and the density the 
washed suspension before disintegration was measured 
turbidimetrically; the instrument was calibrated against 
suspensions whose dry weight had been determined 
freeze-drying. The enzyme activity the cell-free extract 
was then expressed terms the dry weight cells from 
which the extract was derived. 


Preparation and assay individual enzymes 


Arginine and glutamic acid coli 106E 
was grown nutrient broth containing (w/v) 
glucose for hr. 28° (Gale, 1940). The washed cells were 
made into thick cream with buffer 
(pH 4-5), and transferred the previously chilled Hughes 
press. After crushing, the suspension disrupted cells was 
centrifuged and the clear supernatant was used the 
source both enzymes. 

activity was determined adding the buffered 
enzyme preparation (2-3 ml.) the main compartment 
Warburg flask and placing acid 
arginine (0-7 ml. phthalate buffer, 4-5) the side 
arm. Toxopyrimidine phosphate was added, where re- 
quired, the main compartment and the flasks were 
equilibrated 30° for min., permit interaction 
enzyme and inhibitor before addition the substrate. The 
output CO, was linear for least min., and the 
values were calculated for this initial period 
CO,/hr./mg. dry wt. uncrushed cells. 

Neutral amino acid decarboxylase. cell-free extract 
from vulgaris was prepared growing the organism 
nutrient broth for 37° and disintegrating the 
washed cells (suspended buffer, 6), 
shaking with Ballotini beads (Ekladius, King Sutton, 
1957). 

suitable volume the extract was placed the main 
compartment Warburg flask, along with pyridoxal 
phosphate toxopyrimidine phosphate, both, where 
indicated, and phosphate buffer (pH added bring the 
volume with phosphate concentration 
One side arm contained 0-7 ml. 
buffer. some cases pyridoxal phos- 
phate was placed second side arm. The manometers 
were filled with and shaken for min. 37° allow 
equilibration and interaction the enzyme with the 
coenzyme inhibitor. The substrate was then added and, 
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min. later, pyridoxal phosphate tipped from the 
second side arm where indicated. 
mg. dry wt. intact cells. 

Glutamic transaminase. coli was 
grown Roux bottles medium containing, per litre, 
0-8 g.; glucose, 4g. Each bottle was inocu- 
lated with few drops broth culture and harvested 
after hr. incubation 28°. Washed suspensions were 
prepared and cell-free extracts obtained shaking with 
Ballotini beads. 

Transaminase activities were compared setting (in 
duplicate) test tubes containing (in total vol. ml.) 
suitable amount the cell-free extract with sodium 
pyruvate L-glutamic acid toxopyrim- 
idine phosphate and phosphate buffer (pH 
The controls omitted inhibitor, enzyme and pyru- 
vate respectively. The tubes were incubated for hr. 
37° and the reaction was stopped immersing them 
boiling water for The denatured protein was 
removed centrifuging and uniform amounts (approx. 
each supernatant were applied sheet 
Whatman no. filter paper. This was run descending 
chromatogram for hr. with mobile phase butanol 
(480 ml.), acetic acid (95 ml.), butyl acetate (35 ml.) and 
water (195 ml.). Development was spraying with 
(w/v) ninhydrin chloroform containing (v/v) 
air. The degree inhibition (if any) could assessed 
visual comparison the alanine spots the ‘inhibitor’ 
series and the ‘no-inhibitor’ controls. The quantity 
material chromatographed was sufficient give alanine 
spot only moderate intensity, and under these conditions 
twofold difference would have been detected easily. 
Although not quantitative, this technique was adequate for 
our purpose detecting any gross reduction trans- 
aminase activity the presence the inhibitor. 

Tryptophanase. coli 106E was grown tryptone— 
agar 37° for 18hr. The cells were acetone-dried and 
extracted with 37° overnight (Dawes 
Happold, 1949). The tryptophanase activity the extract 
was measured modification the method Wood, 
Gunsalus Umbreit (1947). The enzyme preparation 
(1-0 ml.), 0-5m-phosphate buffer (pH 7-8; and 
water phosphate (0-6 ml.) 
were placed test tubes and equilibrated 37° for min. 
was then added. After min. the reaction was stopped 
the addition saturated aqueous solution trichloro- 
acetic acid (0-2 ml.) and the indole extracted with toluene 
(2-0 ml.). portion ml.) the toluene extract (pure 
toluene for the reagent blank) was transferred colori- 
meter tube and absolute ethanol and ml. 
reagent (p-dimethylaminobenzaldehyde, g.; 
absolute ethanol, 380 ml.; conc. HCl, ml.) were added. 
After min. the density was read EEL portable 
colorimeter (Evans Electroselenium Ltd., Harlow, Essex) 
with 626 filter (maximum transmission 570 my); this 
instrument was adjusted zero against the reagent blank. 
Density readings were converted into indole 
standard curve. 

Tyrosine decarboxylase. The appropriate strain 
faecalis was grown medium, 
acetone-dried powders were prepared, and suspended 


(20 buffer (pH 5-5) (Epps, 
1944). After incubation for 5-5 hr. 28° the debris was 
spun down and the extract used source the enzyme. 
few experiments, cell-free extracts made disinte- 
grating the cells with Ballotini beads were used. 

The apoenzyme was partially separated from the co- 
enzyme (pyridoxal phosphate) precipitating the ex- 
tracts with vol. saturated solution contain- 
ing (v/v) aq. NH, (Epps, 1944). After standing for 
min. the mixture was centrifuged and the pre- 
cipitate resuspended the original volume water. The 
precipitation was repeated and the final solution freeze- 
dried after removal the dialysis against 
distilled water overnight 4°. This apoenzyme preparation 
showed about 20% the maximum activity obtained 
the presence excess coenzyme (Table 4). 

Determination tyrosine decarboxylase activity. suit- 
able amount the apoenzyme preparation was dissolved 
buffer (pH 5-5; ml.) and placed the 
sion (0-5 ml.) was placed the side arm. 
Pyridoxal phosphate toxopyrimidine phosphate, 
both, were placed either the main compartment 
second side arm required. The manometers were filled 
with and placed the bath 30°. After allowing time, 
indicated, for equilibration and for interaction between 
apoenzyme and coenzyme inhibitor, the substrate was 
added from the side arm and gas output measured over 
min. period. (Over longer periods output was often not 
linear.) Enzyme activity was expressed terms 


RESULTS 
Arginine and glutamic acid decarboxylases 


0-5 mm-Toxopyrimidine phosphate did not inhibit 
the decarboxylation either arginine glutamic 
acid (Table 1). The enzyme preparations were 
crude extracts and attempt had been made 
resolve them, was necessary consider 
whether this negative result was due excess 
endogenous pyridoxal phosphate. Samples were 
boiled and the codecarboxylase activity estimated 
means the leucine apodecarboxylase 
Proteus vulgaris (Ekladius al. 1957). Final con- 
centrations pyridoxal phosphate not greater 
than and were found the arginine and 


Table Effect toxopyrimidine phosphate the 
decarboxylation arginine and glutamic acid 


Cell-free extracts coli were incubated, with 
without toxopyrimidine phosphate, for min. 30° 
the main compartment Warburg flask. Arginine 
glutamic acid was then added from side arm. The initial 
rate CO, output given. 


Decarboxylase activity 


toxopyrimidine 
phosphate 
Arginine acid 
424 
461 
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glutamic acid experiments respectively. The in- 
hibitor:coenzyme ratio must therefore have been 
least 100:1. 


Neutral amino acid decarboxylase 
This enzyme interest coenzyme studies 
(Ekladius al. 1957). catalyses the 
ation leucine, valine and some other amino 
acids. The coenzyme (pyridoxal phosphate) less 


evolved 


Time (min.) 


Fig. Effect toxopyrimidine phosphate the de- 
carboxylation leucine. Warburg flasks contained 
additions; curve IV, excess pyridoxal phosphate 
curve III, pyridoxal phosphate 
curve II, toxopyrimidine phosphate (0-5 mm) 
min. before substrate, pyridoxal phosphate (2-5 um) 
min. The points curves and III represent the 
mean duplicates. 


Table 


Effect toxopyrimidine phosphate 
valine decarboxylation 


Flasks containing cell-free enzyme preparation buffered 
with without toxopyrimidine phosphate were 
incubated 37°. was added after min. 
and pyridoxal phosphate after further Final 
CO, evolved/hr./mg. dry wt. uncrushed cells). 


Conen. 
Conen. added 
toxopyrimidine pyridoxal Rate 
phosphate phosphate decarboxylation 
0-5 
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firmly bound the apoenzyme when leucine the 
substrate than when valine being 
ated; this was seen clearly the Proteus extracts 
used enzyme source these experiments. 
adding leucine, the coenzyme dissociated from the 
apoenzyme spontaneously such extent that 
only slight and transient reaction was observed 
(Fig. curve final unless extra co- 
enzyme was added (curve IV; When 
valine was offered the enzyme, the 
coenzyme was more firmly bound and, even with- 
out the addition extra coenzyme, 
ation proceeded about two-thirds the optimum 
rate (Table 2). One would expect the leucine 
decarboxylation exceptionally favourabie 
system for demonstrating inhibition toxopyrim- 
idine phosphate. Fig. curve III, the system 
was supplied with sufficient exogenous coenzyme 
permit about half-maximal rate decarboxylation 
whereas curve the same experi- 
mental conditions were employed with addition 
the inhibitor 200-fold excess over the coenzyme. 
Even so, only slight inhibition occurs 
though the inhibitor had been contact with the 
apoenzyme for min. before addition the sub- 
strate, and further min. was allowed elapse 
before the coenzyme was added. With valine, 
should expect less inhibition than with leucine, 
and Table shows that toxopyrimidine phosphate 
does not appreciably affect the decarboxylation 
valine either the absence added coenzyme 
with the addition sufficient exogenous pyridoxal 
give nearly maximal rate action; the ratio 


Transaminase 


Though the method employed for estimation 
transaminase yielded little more than qualitative 
results, was certain that gross inhibition the 
glutamic transaminase coli 
occurred the presence 0-5 mm-toxopyrimidine 
phosphate. assay the pyridoxal phosphate 
present the enzyme preparation was performed, 
but from the results obtained the arginine de- 
carboxylase experiments, which used the same 
organism, the ratio inhibitor: coenzyme must have 


Tryptophanase 


There was significant inhibition trypto- 
phanase activity the presence 0-5 
pyrimidine phosphate (Table 3). 


Tyrosine decarboxylase 


Inhibition unresolved enzyme. Acetone-dried 
powders faecalis 6782 showed (tyrosine) 
65; this figure was reduced 49, inhibition 
25%, 0-5 mm-toxopyrimidine phosphate. 
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Partially resolved enzyme (S. faecalis 6783). 
Table shows that about 80% resolution was ob- 
tained, and that the concentration pyridoxal 
phosphate needed for half-maximal activity agreed 
well with the value obtained 
Umbreit Gunsalus (1949). With three times this 
level coenzyme and varying amounts toxo- 
pyrimidine phosphate, inhibition was obtained 
shown Table This brings out the following 


Table Effect toxopyrimidine phosphate 
tryptophanase activity 


Tubes containing buffered enzyme extract 
(0-2 ml.), toxopyrimidine phosphate 
(0-5 ml.) and water were incubated 37°; the 
reaction was stopped after min. and the indole estimated. 


Indole formed 


Control (no substrate) 
Control (no inhibitor) 30-8, 30-1 


30-2, 26-4 


Toxopyrimidine phosphate (0-5 mm) 


Table Activation tyrosine apodecarboxylase 
pyridoxal phosphate 


The enzyme was incubated with buffer 
(pH 5-5) and pyridoxal phosphate the final concentration 
given. After equilibration 30° tyrosine was added from 
side arm and the initial rate CO, output measured. 


pyridoxal 

phosphate 
1-6 18-5 
0-16 18-4 
0-016 10-6 


Table Inhibition tyrosine decarboxylase 
toxopyrimidine phosphate 


The apoenzyme preparation was placed the main 
compartment Warburg flask and coenzyme (pyridoxal 
phosphate), inhibitor (toxopyrimidine phosphate) and sub- 
strate (L-tyrosine) were added the times indicated. 


Time addition 


(min.) 
Compound added 
Tyrosine 


Conen. 
Inhibition observed 


Pyridoxal Toxopyrimidine (%) 

phosphate phosphate 
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observations: (1) Appreciable inhibition 
tained only when large excess inhibitor 
added. (2) The order adding inhibitor and 
coenzyme great importance. the inhibitor 
added first, ratio inhibitor:coenzyme 1000:1 
causes 50% inhibition: but ratio 000:1 
needed produce the same effect the coenzyme 
added first. Intermediate results are obtained 
coenzyme and inhibitor are added simultaneously. 
Makino Koike (19546) reported inhibition this 
system with much lower inhibitor:enzyme ratios 
than those reported here; but their results are 
difficult interpret they employed two apo- 
enzyme preparations with very different proper- 
ties, and did not appear appreciate the im- 
portance the order addition inhibitor and 
coenzyme. 


DISCUSSION 


These investigations indicate that toxopyrimidine 
phosphate unlikely have more than limited 
applications competitive inhibitor pyridoxal 
phosphate enzymes. Even relatively large 
excess, did not appreciably inhibit number 
systems which had not been resolved into apo- and 
co-enzyme. When resolution was achieved—with 
tyrosine decarboxylase—marked inhibition was 
observed only very high molar 
enzyme ratio. Inhibition was also much more 
difficult achieve when the apoenzyme was first 
allowed access the coenzyme; this goes far 
explain the lack success with unresolved systems, 
and severely restricts the possible use this 
reagent for detecting pyridoxal phosphate 
requirement systems where this cannot 
demonstrated directly. would seem, too, that 
the union pyridoxal phosphate with the apo- 
enzyme may not strictly reversible reaction. 
This accordance with previous work with other 
enzymes and with other pyridoxal phosphate 
analogues. Thus pyridoxine phosphate failed 
inhibit the unresolved glutamate—aspartate trans- 
aminase pig heart; nor was the system inhibited 
the apoenzyme had been preincubated with 
pyridoxal phosphate. Inhibition was observed 
only pyridoxine phosphate deoxypyridoxine 
phosphate was incubated with the apoenzyme 
before addition the coenzyme (Meister, Sober 
Peterson, 1954). Unresolved bacterial tyrosine 
decarboxylase and the intercon- 
version liver were partially inhibited deoxy- 
pyridoxine phosphate, but much greater degree 
inhibition was obtained when these enzymes were 
resolved and the apoenzymes preincubated with 
the inhibitor (Umbreit Waddell, 1949; Blakley, 
1955). 

The decarboxylation leucine the enzyme 
found Proteus vulgaris Ekladius al. (1957 
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would seem specially favourable case for 
demonstrating inhibition toxopyrimidine phos- 
phate, since the coenzyme spontaneously dissoci- 
ated from the apoenzyme decarboxylation pro- 
ceeded (Fig. 1). But, even here, only slight inhibi- 
tion was observed, whereas the valine de- 
carboxylation (when the coenzyme more firmly 
bound) inhibition was detected under the ex- 
perimental conditions. Nevertheless, there are 
probably cases where toxopyrimidine its phos- 
phate can severely inhibit unresolved enzymes: 
otherwise, the toxicity animals relatively low 
explain. 


SUMMARY 


Toxopyrimidine phosphate failed inhibit 
unresolved bacterial arginine and glutamic de- 
carboxylases, tryptophanase and 
nine transaminase. 

The leucine decarboxylase system Proteus 
vulgaris, which the coenzyme dissociates spon- 
taneously during enzyme action, was inhibited 

The degree inhibition the resolved tyro- 
sine decarboxylase system Streptococcus faecalis 
depended the order addition pyridoxal 
phosphate and toxopyrimidine phosphate the 
apoenzyme. Even when the inhibitor was added 
first, inhibitor:coenzyme ratio 1000:1 was 
needed produce inhibition. 

only limited usefulness the study bacterial 
vitamin enzymes. 


The interest which Professor Morton, F.R.S., has 
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wards expenses and for scholarship one 
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Intermediates the Biosynthesis Bacterial Penicillinase 


National Institute for Medical Research, Mill Hill, London, N.W. 


(Received April 1958) 


The nature the intermediates the biosynthesis 
proteins from amino acids has for several years 
been subject much concern biochemists in- 
terested the mechanism protein formation. 
ixperimental attack the problem has taken 
several different forms, which can roughly 
divided into (a) direct attempts isolate stable 
intermediary precursors and investigate the 
behaviour likely chemical models with vitro 
reconstructions based simplified reaction 
systems, and (b) the ‘indirect’ approach, designed 

Present address: Institute Medical Chemistry, 
University Budapest, Budapest VIII. 


obtain relevant evidence following the 
kinetics induced enzyme formation micro- 
organisms, the extent which particular protein 
may derived from pre-existing cell material 
other than free amino acids and the rate incorp- 
oration amino acids from the medium into the 
protein. can reasonably assumed, 
directly demonstrated, that amino acids the 
medium equilibrate with the free amino acids 
present the cell without measurable delay, any 
lag found between addition labelled amino acid 
and the appearance the label protein 
may reasonably regarded evidence the 


> 


666 
existence intermediates between free amino acids 
and the completed protein molecule. indication 
the quantities such intermediates present will 
provided the amount the specific protein 
formed during this lag interval. Conversely, 
absence detectable lag such experiment can 
used, without any assumptions regarding speed 
equilibration between external 
amino acids, indication the maximum 
quantity intermediates, calculated simply the 
basis the limits accuracy the techniques 
involved. 

Hitherto, the ‘indirect’ approach has provided 
evidence intermediates only with amylase. For 
instance, the increase amylase activity observed 
cell-free pancreatic extracts and homogenates 
appears reaction not involving the in- 
corporation amino acids into the enzyme 
(Straub Ullmann, 1957). This fact, together with 
the observation Garzo, T-Szabo Straub (1957) 
specific min. lag the incorporation 
into the amylase formed pancreatic 
slices, suggests that one the essential steps the 
conversion protein precursor into active 
enzyme. Similarly, Nomura, Hosoda, Yoshikawa 
Nishimura (1958) have reported that only 24% 
the sulphur amylase formed cell suspensions 
Bacillus subtilis during hr. incubation was 
derived from the medium; they 
conclude that the enzyme largely derived, under 
these conditions, from precursor present the 
cells. The findings other protein-forming systems 
are less suggestive. There appears measur- 
able lag (i.e. less than min.) 
induction Escherichia coli between addition 
the inducer and formation enzyme maximal 
rate (Monod, Pappenheimer Cohen-Bazire, 1952). 
Loftfield (1957) reports lag more than min. 
(injected parenterally) into ferritin formed the 
livers whole rats. Peters (1957) has found 
detectable lag (i.e. less than min.) incorporation 
from into serum albumin formed 
chicken-liver slices, the albumin bound intra- 
cellular particles included the assay; the 
previously reported lag (Peters, 
1953) now believed involve only liberation 
albumin from the particles into the cell sap and not 
synthesis. Craddock Dalgliesh (1957) have like- 
wise found lag the incorporation radio- 
activity from amino acids into the 
ribonuclease formed rat slices. 
Askonas Humphrey (1958) found lag about 
15-20 min. the incorporation amino acids into 
specific antibody formed vitro rabbit lym- 
phoid tissue, but similar lag occurred, the 
incorporation into general tissue proteins, sug- 
gesting that the delay might have been due 
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accessibility barriers other non-specific factors. 
Similar considerations apply, hut more forcibly, 
any interpretation put the lags incorporation 


injected amino acids (a) into serum proteins 


rabbits and turtles (Green Anker, 1955), and (b) 
into ribonuclease isolated from the rat pancreatic 
duct (Junqueira, Hirsch Rothschild, 1955). 
Finally, careful studies the origin coli 
galactosidase sulphur (Hogness, Cohn Monod, 
1955) and carbon (Rotman Spiegelman, 1954) 
failed reveal significant quantities precursor 
material within the cell, the use techniques 
which were probably sufficiently sensitive detect 
quantities equivalent more the enzyme 
formed considerably less than one cell-generation 
time. 

the experiments described here the 
‘indirect’ approach has been employed 
attempt determine the immediate source the 
sulphur and carbon atoms the exopenicillinase 
Bacillus cereus the use isotopically labelled 
metabolites the medium provided. For this 
purpose two strains cereus have been used: 
(1) the penicillinase-inducible strain 569, which 
forms only traces penicillinase until treated with 
penicillin, and (2) 
mutant strain 569/H, isolated directly from strain 
569, which produces the enzyme large quantities 
spontaneously, without treatment with penicillin. 

The method approach adopted can best 
explained reference the purely hypothetical 
scheme illustrated Fig. assumed that 
both the inducible strain and the constitutive 
mutant the mechanism penicillinase formation 
fundamentally similar and that the enzyme 
formed under the catalytic influence specific 
‘organizer’ within the cell [which the inducible 
strain active only after treatment cells with 
penicillin (Pollock, 1953)]. possible con- 
sider the following hypothetical types precursor 
molecule: (1) type precursor (which could 
specific non-specific), present the inducible 
strain before induction with penicillin, and (2) 
type precursor—specific and formed 
inducible strain only after treatment cells with 
penicillin. Type precursor could take the form 
substance the synthetic pathway having 
molecular weight lower than penicillinase itself 
‘zymogen’ (such pepsinogen trypsinogen) 
convertible into active enzyme after hydrolytic 
removal part the molecule. the consti- 
tutive strain 569/H, precursors both types, 
they exist, would always present. 

Under most conditions, 85-90% the peni- 
cillinase liberated into the medium [the ‘«-’ 
Rather less than half the 
remaining cell-bound penicillinase neutralizable 
specific serum and behaves 
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PRECURSORS BACTERIAL PENICILLINASE 


other ways similarly, from immunological 
point view, the exo-enzyme. This referred 
Its accessibility antiserum 
presumably means that bound the cell 
surface, and can largely, though not com- 
pletely, removed from the cells washing them 
with high salt concentrations (e.g. m-NaCl 
citrate). The remaining cell-bound 
enzyme (‘y-penicillinase’) immunologically and 
physicochemically distinct and only liberated 
soluble form after complete disruption the cells 
lysis, mechanical crushing sonic disintegra- 
tion; therefore assumed intracellular. The 
relationship between and has 
been discussed previously but still obscure 
(Pollock, The two types penicillinase 
behave most ways quite distinct species 
protein but have almost identical enzymic pro- 
perties (namely the same Michaelis constants, 
optima and relative activities different sub- 
strates). evidence their interconvertibility 
has been obtained cultures under physiological 
conditions and their relative concentrations remain 
constant before and during induction, and all 
stages growth the constitutive mutant strain. 
is, however, possible alter the properties 
that becomes indistinguishable 
from the y-enzyme suitable treatment with 
alkali (Citri, 1958); therefore likely that the 
two types enzyme are metabolically well 
physicochemically very closely related. 

have attempted answer the following 
questions: (1) there any significant quantity 
specific, non-specific, precursor material for 
penicillinase within the cclls, other than amino 
acids? (2) the intracellular y-penicillinase the 
normal precursor the exo-enzyme? (3) How 
long does take complete the formation 
molecule penicillinase from its constituent 
amino acids? The general method adopted has been 


667 


measure the speed and extent incorporation 
isotopically labelled sulphur carbon 
into exopenicillinase formed after treatment 
the cells with labelled sulphate, methionine 
protein hydrolysate. The method depends pri- 
marily satisfactory isolation minute 
quantities penicillinase, uncontaminated with 
other sulphur- carbon-containing material, from 
small volumes culture supernatant fluid. The 
principles employed have been based, the first 
instance, those used Hogness al. (1955). 
These workers concluded that appreciable 
quantities precursors were 
present coli before induction (i.e. type 1), 
and that ‘protein turnover’ occurred the cell 
during growth. The penicillinase system 
cereus, however, differs several ways from the 
system coli and there are the 
following reasons why was considered particularly 
interesting and suitable for study relation the 
precursor problem: (1) The enzyme 
extracellular and 95-99 the type can 
easily separated from the cells soluble state; 
this makes its isolation easier. The ability 
remove nearly all preformed enzyme (by centri- 
fuging the cells and resuspension fresh medium) 
any stage induction and growth culture 
facilitates search for type precursors both the 
inducible strain 569 and the constitutive mutant 
strain 569/H. This also permits accurate assay 
relatively small increments 
activity such those during short- 
lived experiments designed for following speed 
incorporation sulphur carbon from the 
medium into the enzyme. (2) There specific 
lag the production penicillinase logarith- 
mically growing cereus 569, after induction with 
penicillin, before maximal rate enzyme forma- 
tion attained. This sharp contrast with 
galactosidase induction coli, where enzyme 


Other proteins 


Type 


Amino acids 
precursor 


Type 
Enzyme 
precursor 


‘Organizer’ 


Endogenous factors 
(for constitutive-enzyme 
synthesis) 


Inducer (exogenous) 
(for induced-enzyme 
synthesis) 


Fig. Hypothetical scheme the mechanism enzyme production illustrate the method approach the problem 
possible intermediates the induced and constitutive biosynthesis penicillinase cereus. 
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formation begins almost immediately maximal 
speed after addition inducer. One possible 
explanation for this lag would that due 
the formation specific, but enzymically in- 
active, precursor (type penicillinase. 

One serious disadvantage this use the peni- 
cillinase system, however, that the enzyme 
isolated and analysed exclusively the 
penicillinase. not therefore possible deter- 
mine what proportion any exopenicillinase pre- 
cursor material detected the form the intra- 
cellular the residual surface- 
excluded possible contributors the formation 
the exo-enzyme) both. Any figure obtained 
for the quantity penicillinase precursor must 
thus regarded maximum. 


GENERAL METHODS 


The origin and properties the two strains cereus 
used (inducible strain 569 and constitutive mutant strain 
569/H), the technique penicillinase assay, the method 
distinguishing between and y-penicillinase, and the pre- 
paration, properties and titration anti-exopenicillinase 
serum (y-globulin fraction) have already been described 
previous publications (Kogut, Pollock Tridgell, 1956; 
Pollock, 1956a). 

Carrier-free sulphate negligible sulphate 
content, obtained from the Radiochemical Centre, Amer- 
sham, Bucks, was used. 

This compound (specific activity 
approx. was obtained from the Radio- 
chemical Centre, Amersham. 

acids. Uniformly labelled 
hydrolysate (specific activity approx. 0-012 mc/mg.) was 
obtained from the Radiochemical Centre, Amersham. 

Radioactivity samples. This was measured end- 
window counter. The weight material 
present was slight (0-5 mg.) that correction for self- 
absorption was found necessary. least 1000 counts were 
recorded for each sample and background radioactivity 
subtracted. 

Anti-exopenicillinase y-globulin. This was prepared the 
method used for producing the anti-induced 569 
ase previously described (Pollock, 1956a), immuniz- 
ing rabbits with purified cereus 569/H exopenicillinase 
(specific activity 2-0 units/mg. protein nitrogen). 
The immune y-globulin used for experiments recorded here 
was obtained from two rabbits whose sera gave final anti- 
penicillinase titres 1-5 10° and 6-1 neutralization 
units/ml. respectively. 

Medium. synthetic amino acid medium, referred 
AA/G, was used; it contained a final concentration of 
approx. each the non-sulphur-containing L-amino 
acids, citrate, phosphate, 
Sulphate both, were added sole 
sources sulphur. 

(A). Glycine (0-075 g.), (0-18 g.), DL-trypto- 
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arginine HCl (0-17 g.), (0-29 g.), 
(0-26 g.), DL-aspartic acid (0-21 
(0-23 g.), (0-33 g.), 
nine (0-23 g.) and (0-26 g.) were mixed and 
ground mortar and the mixture was dissolved 
ml. water together with 0-272 KH,PO, and the 
solution adjusted 7-0 with was then 
filtered through Whatman no. paper and autoclaved 

(B). ‘Oligodynamic’ solution: ZnSO,,7H,O (0-1 
mg.) and (0-01 mg.) were 
dissolved water and sterilized autoclave. 

(C). Stock iron solution: (0-156 g.) 
and citric acid (0-168 g.) were dissolved 100 ml. water 
and sterilized autoclave. 

(D). (w/v) glucose: this was diluted from 20% 
(w/v) solution, sterilized autoclave. 

(E). (3-39 g.) was dissolved water 
and autoclaved. 

These solutions were then mixed follows: ml. 
(A), 0-1 ml. (B), 0-1 ml. (C), ml. (D), ml. (E) 
and ml. water. For final use autoclaved solutions 
Tween and citrate were added this solution the 
following proportions: mixed solution (10 ml.), Tween 
(0-5 ml.) and m-sodium citrate 
volumes sodium sulphate (separately 
sterilized autoclave) both when required. 

With sulphate sole added source sulphur, strain 569 
grows this mixture with minimum mean generation 
time about min. (i.e. rather more slowly than the 
casein-hydrolysate medium). With added methionine the 
mean generation time almost halved and growth is, 
fact, more rapid than broth. 

Preparation cultures. spore suspension drops) 
containing viable was inoculated into 
ml. medium containing casein hydrolysate 
1-7 MgCl, and ‘stock Fe’ solution (see above), 
and the culture left standing room temperature over- 
night for hr. This culture was then inoculated 
(1:10 dilution) into the AA/G medium containing 0-2 
sodium sulphate for the experiments with and 
protein hydrolysate. This AA/G culture was then sub- 
cultured the following morning diluting 1:10 with 
fresh AA/G medium (supplemented with sulphate 
methionine, before, and containing sulphate 
methionine hydrolysate, and when 
required) and shaken 35°. 

Measurement and into cell 
‘proteins’. Cells from ml. samples were first washed 
AA/G medium +excess unlabelled sulphate 
methionine (for experiments) casein hydrolysate (for 
experiments). After resuspending water the same 
volume, 1-0 ml. lots were removed and treated with 5% 
(final conen.) trichloroacetic acid for min. 90°. After 
the precipitate had flocculated was centrifuged down, 
dissolved far possible few drops and 
reprecipitated with trichloroacetic acid the presence 
excess unlabelled sulphate and methionine casein 
hydrolysate. After further centrifuging, the precipitate was 
again ‘dissolved’ minimal quantity made 
suitable volume and 0-2 ml. removed disk for 
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drying and counting. the experiments 
further reprecipitation with trichloroacetic acid was found 
advisable. The material isolated this procedure 
will include cell-wall substance and any other compounds 
insoluble hot trichloroacetic acid well protein. 
But the purposes for which employed (see below) 
render this distinction irrelevant. 

Isolation penicillinase. Samples 5-0 ml.) were 
pipetted directly into centrifuge tube containing few 
oxine (8-hydroxyquinoline) and enough solid 
NaCl bring the final molar strength. After 
shaking dissolve the solids the samples were cooled 
rapidly and the cells centrifuged down. The penicillinase 
activity the supernatant fluid was assayed and enough 
carrier unlabelled penicillinase (supernatant from centri- 
fuged culture 569/H grown the same medium and 
usually containing approx. 5000 units enzyme/ml.) 
added 3-0 ml. bring the total enzyme activity the 
sample 9000 units (for definition unit see Pollock 
Torriani, 1953; equivalent approx. 0-31 pure 
enzyme protein). The carrier-supplemented samples were 
then dialysed overnight +2° against 
phosphate buffer, The following morning the 
samples were removed from the sacs, which were rinsed out 
and suspension ‘fine-mesh’ glass powder (Baird and 
Tatlock Ltd.) containing 100 mg. glass/ml. was added 
each sample, amount corresponding 0-15 ml. for 
every 000 units enzyme, order adsorb the peni- 
cillinase. After standing room temperature for about 
min. the glass was centrifuged down and washed once 
with ml. water. The enzyme was then eluted two 
successive treatments with 2-5 and 1-0 ml. (respectively) 
alkaline M-NaCl (pH 8-5). These two eluates were filtered 
successively through ‘oxoid’ membrane filter, combined, 
made with water, and their penicillinase 
activity was assayed. The recovery enzyme varied 
between and and was usually over 4-0 ml. 
the eluate was added enough unlabelled carrier penicil- 
linase (purified exo-enzyme, solution containing 
000 units/ml.) bring its total content 9000 units. 
Enough anti-exopenicillinase rabbit y-globulin was then 
added provide 50% more antibody than the minimum 
quantity required for complete precipitation the enzyme 
equivalence dose) and the mixture incubated over- 
night 35°. The following morning the precipitate was 
spun down after cooling 2°, and rinsed with 0-5 ml. 
water, spun down again and resuspended few drops 
water (about 0-2 ml.) and then quantitatively transferred 
1:1000 Stergene soln., dried 50° and counted for radio- 
activity. Assays enzyme activity remaining the 
supernatant after spinning off the pre- 
cipitate showed that never more than (and usually less 
than 5%) the enzyme was lost this procedure. 

The radioactivity each sample has been expressed 
(without making allowance for any contamination present) 
the equivalent amount ‘fully labelled’ penicillinase 
originally present 1-0 ml. culture supernatant. [The 
term ‘fully labelled’ has been used here the same sense 
that employed other workers, i.e. referring the 
enzyme when labelled the maximum extent possible 
given medium with given isotope content.] This 
lated taking into consideration (a) the specific activity 
‘fully labelled’ enzyme (formed medium the same 
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chemical composition that used the experiment and 
known, measured isotope content, either fully induced 
culture strain 569 strain 569/H), (b) the overall 
percentage recovery the enzyme the isolation pro- 
cedure and (c) the specific activity the isotopically labelled 
material used for the experiment. This last factor needs 
some comment. experiments with was 
directly demonstrated (see Fig. that the added labelled 
material was biologically equivalent (as source sulphur 
for the synthesis penicillinase) the unlabelled isotope 
present the basal medium. Since the basal medium did 
not vary composition (at least for the relevant series 
experiments) and the absolute quantity labelled material 
added was negligible, the theoretical value for the specific 
activity ‘fully labelled’ enzyme different experiments 
where the amount isotope added varied from 
ml. could assumed directly proportional the 
total radioactivity the culture medium. 

experiments with the possibility that 
traces radiochemical breakdown products formed 
Liebster Babicky, 1957) might lead 
difficulties interpretation results would appear 
eliminated the strictly proportional relationship found 
between the specific radioactivity purified penicillinase 
samples and that the used (which varied 
threefold different experiments, see Table and 
Figs. and 4). seems reasonable therefore calculate 
the specific activity ‘fully labelled’ enzyme these 
experiments the assumption that the was incorpor- 
ated into penicillin manner equivalent its having 
been derived entirely from the methionine added. 

the experiments with hydrolysate the 
figure for ‘fully labelled’ enzyme was determined separ- 
ately for each precursor experiment, using medium 
the same basic composition and radioactivity and incu- 
bating the culture for hr. this way, was possible 
avoid any complications due possible differences 
relative specific activities the various amino acids, which 
might result from varying the quantity 
protein hydrolysate added. 


RESULTS 
Control experiments with 


Throughout this work has been assumed that the 
exopenicillinase the constitutive strain 569/H 
behaves physicochemically and immunologically 
manner indistinguishable from that the induced 
exopenicillinase from strain 569. The reasons for 
considering these two probably identical types 
protein molecule have been discussed previously 
(Kogut al. 1956) and the validity the assump- 
tion supported the results the control 
experiments reported below. 

Sulphur content medium. preferable know the 
exact sulphur content the medium, largely order 
make effective comparisons between results with media 
having different amounts added sulphur. Ideally, the 
basal media should sulphur-free and theoretically the 
AA/G medium described contains sulphur. practice, 
however, it is extremely difficult to remove all traces of 
sulphur from medium and growth cereus occurred 
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basal AA/G, without added sulphur, opacity 
parative yields bacteria grown AA/G with different 
amounts added sulphate indicated basal contamination 
equivalent about 2-0 pg. sulphur/ml. This could not 
eliminated. 

sulphur contamination cannot eliminated two 
further points must taken care of: (a) Variations 
sulphur contamination must minimal and must 
checked from time time; this can done measuring 
the specific radioactivity ‘fully labelled’ penicillinase—if 
not control for every experiment, least for each new 
batch medium. The effect any such variation can 
minimized adding much unlabelled sulphate (or 
other biologically equivalent source sulphur) 
compatible with maintaining the specific activity sub- 
sequently formed enzyme high enough for accurate assay. 
(b) the chemical nature the sulphur contamination 
cannot be determined it must, if possible, be shown either 
biologically equivalent added sulphur (i.e. the one 
not used cells preferentially the other) or, the 
presence the added source sulphur, not used 
any significant extent all. check biological 
equivalence should also applied isotopically labelled 
sulphur. 

The standard concentration added sulphur used the 
sulphate and methionine experiments corresponded 
0-2 added sulphate and respectively. 
This equivalent 6-2 and sulphur/ml. 
(assuming that only assimilated), giving 
probable sulphur content about and times the con- 
taminating sulphur respectively. Since, addition, was 
known that added methionine sulphur used the cells 
preferentially sulphate sulphur (addition unlabelled 
methionine being found cause 85% inhibition 
uptake into cells from sulphate), clear that 
the methionine experiments the contaminating sulphur 
(assuming largely, not entirely, sulphate) could 
ignored source error. This was confirmed the 
more consistent results obtained for ‘fully labelled’ enzyme 
with compared with 

Specific activity ‘fully labelled’ This 
figure, which course necessary for expressing the radio- 
activity found penicillinase isolates the precursor 
experiments terms equivalent quantity labelled 
enzyme, was determined both for the induced 569 and for 
the 569/H enzymes, prepared media the same com- 
position those used for the precursor experiments. 
Cultures both strains were grown for hr. 
containing media, involving increases cell density 
about 50-fold. The 569 culture was induced with units 
penicillin/ml. bacterial density corresponding 
0-15 mg. dry wt. cells/ml and then again with 100 units 
min. later. With induced 569, titres 
1100 units enzyme/ml., and with 569/H 3700 
units enzyme/ml., were obtained. 

With source added sulphur, 
extremely consistent results were obtained and there was 
excellent agreement between figures for the induced and 
constitutive penicillinase. With 146 
ml. medium, mean figures 0-411 (see Table and 
0-394 counts/min./unit enzyme for the constitutive and 
induced penicillinase respectively, for total content 
equivalent counts/min./ml. whole culture, were 
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source 
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Table Specific activity ‘fully labelled’ penicillinase formed cereus cultures with different sources 
Source 


Samples consisted 3-0 ml. supernatant fluid from cultures grown for AA/G medium containing source See text. 
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obtained. This gives methionine-derived mean sulphur 
content for penicillinase This corresponds with 
the figure for the total sulphur content 
569/H penicillinase measured directly purified sample 
the enzyme microanalysis and with 
lated the basis the combined cyst(e)ine and meth- 
ionine content the induced penicillinase (S. Jacobs, 
personal communication). This suggests that the 569 type 
penicillinase can derive all its cysteine sulphur from 
methionine. This figure for sulphur content also 
agrees well with that (see Table for 569/H 
prepared the same medium, containing 6-3 sulphur/ 
ml. added the form sulphate (the standard sulphate 
medium used throughout this work), assuming sulphur 
contamination The corresponding figure 
for the induced enzyme prepared the sulphate medium 
was without subtracting the increased proportion 
non-penicillinase contamination sulphur present. 
mentioned above, the figures obtained with the sulphate 
medium appeared notsoreliable and were more variable than 
with methionine. some ‘sulphate’ experiments fully- 
induced ‘fully labelled’ control was run the same time, 
and where this was not done the specific activity fully 
labelled enzyme was calculated the basis for 
sulphur content and sulphur contamination concentration 
2-0 

Contamination enzyme isolates with non-penicillinase 
sulphur. The choice technique finally adopted for isola- 
tion penicillinase was primarily based that which gave 
minimal contamination with non-penicillinase sulphur- 
containing material. This contamination was determined 
measuring the radioactivity samples isolated after 
adding unlabelled carrier enzyme the supernatant fluid 
from centrifuged samples uninduced strain 569 cultures 
grown under exactly the same conditions those employed 
for the induced 569 569/H cultures. Since penicillinase 
production uninduced 569 is, from this point view, 
negligible, these samples should theoretically have radio- 
activity not significantly raised above the background. 
fact, the counts varied between and counts/min./ 
sample above background, and further attempts reduce 
contamination consistently below this level were un- 
successful. The most probable source contamination was 
thought non-penicillinase protein precipitated 
antibody other than the specific anti-penicillinase present 
the immune rabbit y-globulin. However, the residual 
contamination was not appreciably lowered the use 
immune y-globulin preparation previously absorbed with 
concentrated dialysed supernatant from centrifuged 
uninduced strain 569 culture (grown the same medium), 
which might supposed contain all the non-penicillin- 
ase proteins normally liberated into the medium and 
presumably present all samples from which penicillinase 
might isolated. the most satisfactory experiments, 
the residual contamination corresponded not more than 
sulphur present samples ‘fully labelled’ 
induced penicillinase and less than that present 
analogous samples the 569/H enzyme (Table 1). not 
therefore serious source error the determination 
the specific activity ‘fully labelled’ penicillinase. For the 
precursor experiments themselves, the percentage residual 
contamination course depends the amount enzyme 
actually present the samples, and may often quite 
high. Its extent always recorded the ‘uninduced- 
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contamination control’ experiment the tables alongside 
the other experimental results. 

Biological equivalence contaminating, added and iso- 
topically labelled sulphur. This was checked (according 
the principles method adopted Roberts, Cowie, 
Abelson, Bolton Britten, 1955) determining the 
specific radioactivities ‘fully labelled’ enzyme samples 
from 569/H growing the standard AA/G medium con- 
taining three different quantities added unlabelled 
sulphate, but the same amount the 
added and and the contaminating are biologic- 
ally equivalent for synthesis penicillinase, the the 
enzyme will diluted strictly proportion the total 
sulphur present the medium, and the values for the 
reciprocals the specific activities penicillinase will lie 
straight line plotted against concentration added 
sulphur. Fig. shows that this so. Moreover, extrapola- 
tion the line the base should give approximately the 
concentration contaminating sulphur present. The value 
reasonable agreement with that obtained 
the completely different technique described above. 

Proportional isolation enzyme and carrier enzyme formed. 
Since usually only about 60% the enzyme was recovered 
after the stage when the first addition unlabelled carrier 
enzyme was made, was essential show that the enzyme 
synthesized during the experiment was isolated the same 
proportion the carrier enzyme. Addition carrier 


fo 


nN 


Reciprocal specific radioactivity penicillinase 
> 


Added sulphate 


Fig. Test for the biological equivalence the sulphur 
added sulphate and that sulphate and 
other sulphur-containing compounds present the 
basal AA/G medium (used these experiments) for the 
biosynthesis penicillinase cereus. Three cultures 
strain 569/H were grown for hr. AA/G containing 
the same quantity but differing amounts 
added The concentration added 
has been plotted against the reciprocal 
the specific radioactivity [1/(counts/min./unit)] the 
isolated exo-penicillinase formed, and the three points 
are seen lie straight line. 
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enzyme this early stage was found advisable when 
the amounts synthesized enzyme were less than 1000 
units/ml. and unavoidable when less than 250 units/ml., 
otherwise yields became impossibly low. Preliminary 
experiments with solutions purified induced 569 and 
569/H penicillinase carrier enzyme this stage showed 
that under certain conditions they behaved manner 
quite different from the ‘natural’ synthesized enzyme, 
being preferentially eluted from the glass powder and thus 
invalidating all results. This unexpected difficulty was, 
however, overcome the use ‘natural’ preparation 
unlabelled high-titre penicillinase (usually about 5000 
units/ml.) the form untreated (except for the addition 
oxine) culture supernatant fluid from centrifuged 
culture strain 569/H grown the standard AA/G- 
sulphate medium. The effectiveness this preparation 
allowing isolation’ synthesized penicillin- 
ase illustrated Table The results also confirm that 
the constitutive 569/H enzyme behaves similarly, this 
extraction procedure, the induced penicillinase, and 
therefore permissible use unlabelled carrier for the 
induced enzyme these experiments. 

For the final precipitation enzyme with antibody 
appeared reasonable use the purified preparation 
569/H induced 569 penicillinase carrier, there 
practically loss enzyme this stage. 

Possibility ‘amino acid exchange’ and analogous meta- 
bolic phenomena involving preformed enzyme. was finally 
considered essential dispose the possibility that some 
exchange sulphur-containing material between medium 
and preformed enzyme might occurring under the condi- 
tions these experiments. Such exchange might 
theoretically involve individual molecules methionine 
(for example) and, though this seemed highly unlikely for 
enzyme molecules free the medium, the exchange might 
take place on the cell surface. However unlikely, the 
such phenomenon would completely alter 
interpretation the results, and had investigated. 
The checking experiments involved doing the ordinary 
‘contamination control’ test with proportion (usually 
units/ml.) the unlabelled carrier enzyme present, 
with the cells, the culture during the whole period the 
experiment. Table shows that the addition preformed 
enzyme did not increase the amount residual ‘non- 
penicillinase’ sulphur contamination significantly, and 
can therefore concluded that this postulated exchange 
does not occur extent that would interfere with any 
the conclusions reached this paper. 

There is, however, another theoretical possibility which 
cannot checked these control experiments. This the 
hypothesis that individual amino acids some cell pre- 
cursor material might undergo rapid exchange with free 
amino acids the cell medium. Experiments 
apparently reversible amino acid exchange phenomenon 
staphylococci (Gale Folkes, 1955) indicate that this must 
considered serious possibility and has been dis- 
cussed some detail Dalgliesh (1957). obvious that 
this type ‘precursor’ could never detected the 
techniques used this work. 


Experiments with 


These can divided into two main groups: 
(A) those designed determine the extent which 
sulphur exopenicillinase formed during 


Table Test exclude the possibility exchange sulphur between medium and preformed penicillinase 
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given period derived from that present the 
cells the beginning that period; (B) those 
designed measure the speed incorporation 
medium sulphur into exopenicillinase. 

(A) The culture was grown optical density 
corresponding dry bacterial wt./ml. 
AA/G containing added sodium sulphate and 
carrier-free corresponding radio- 
activity attempt was made 
starve the cells sulphur (as the experiments 
Hogness al. 1955). Indeed such starvation was 
specifically avoided since (unlike was 
found lead rapidly irreversible cell damage. 
the first series the cells were centrifuged 
down, washed unlabelled medium the same 
composition but containing sulphate 
and then resuspended this unlabelled ‘excess 
sulphate’ medium and incubated 35° with 
shaking, samples being removed min. 
intervals 80-90 min. During this period the 
cells grew, though variable extent, increasing 
their density usually not more than twice. 
similar second series (II) experiments was 
also done with unlabelled medium supplemented 
for washing and subsequent incuba- 
tion. each series four types experiment were 
done: 

(i) Uninduced strain 569 culture. Only negligible 
traces ‘basal’ penicillinase were formed and the 
radioactivity the isolated samples served 
indicate the extent contamination with non- 
penicillinase sulphur impurities. 

assumed that these uninduced cultures 
569 form and secrete all the substances produced 
induced 569 and the 569/H strain (apart from peni- 
cillinase itself), and can thus serve convenient 
control for all types non-penicillinase sulphur- 
containing material that might possibly contami- 
nate isolates penicillinase. 

(ii) ‘Type precursor experiment. The cells 
strain 569 were induced with units benzyl- 
penicillin/ml. the time transfer unlabelled 
medium. This designed test for the presence 
any ‘type sulphur-containing precursor material 
present the cells before induction. 

(iii) ‘Type precursor experiment. The strain 
569 culture was induced with units penicillin/ 
ml. the medium bacterial 
transfer the unlabelled medium. This was 
designed detect any type precursor material 
that formed after induction), comparison 
with the results the type experiment. 

(iv) ‘Constitutive’ experiment. The strain used 
was the constitutive mutant 569/H and induc- 
tion with penicillin was necessary. was designed 
rather confirmation the ‘type experiment 
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and attempt determine the possible 
metabolic relation between and 

The results single experiments each type are 
summarized Table series (I), where the 
cells are washed 
incubated the following points are 
apparent: 

(1) There substantial and significant transfer 
previously-incorporated cell the subse- 
quently formed exopenicillinase all samples 
all experiments except the first two samples the 
type experiment. order assess the signifi- 
this transfer first necessary sub- 
tract (a) the mean value ‘contamination 
(obtained from the uninduced 569 experiments), 
which represents 
taining impurities, and (b) the value for 
linase, which represents preformed fully labelled 
enzyme carried over the cells transfer from 
the medium, since the possibility 
that this fraction rapidly and totally liberated 
into the medium further incubation cannot 
excluded. 

When this done, emerges that the proportion 
exopenicillinase sulphur derived 
penicillinase material the cells ranges from 
the ‘type experiment and from 10-5 
the ‘constitutive’ experiment. The non- 
penicillinase sulphur contamination not really 
low enough conclude definitely that there any 
significantly lower proportion cell-sulphur trans- 
fer exopenicillinase the ‘type experiment 
the figures fact being 6-1 and 8-8 for the second 
and third samples respectively—, but the error 
obviously very large. 

(2) The relatively constant proportion labelled 
exopenicillinase during continued incubation was 
unexpected. This indicates that there constant 
and continuous transfer previously incorporated 
cell sulphur penicillinase during the course the 
experiment. particularly striking that the 
proportion labelled enzyme formed between the 
first and third samples almost identical the 
three cases, being respectively 10-4, 9-0 and 
the total enzyme for type type and the con- 
stitutive experiments. 

order determine the nature this sulphur- 
containing penicillinase-precursor material should 
first borne mind that any sulphur-containing 
substances within the cell that were not removed 
washing with sulphate might serve precursors 
the sulphur penicillinase. Apart from protein 
itself the most obvious sources would the 
sulphur-containing amino acids, methionine and 
cystine. That methionine and (perhaps) cystine 
were indeed the precursors being continuously 
liberated the above experiments shown con- 
clusively the experiments series (II), where the 
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labelled cells were washed and subsequently incu- 
bated medium containing excess un- 
labelled methionine and cystine. These amino acids 
might expected equilibrate rapidly with any 
free methionine cystine formed within the 
thus act trap for labelled isotopes and largely 
prevent their being utilized protein synthesis. 
can seen once that there significantly 
increased radioactivity present the penicillinase 
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1958 


produced either the type the type experi- 
ments—over and above the irreducible minimum 
due non-penicillinase impurities (uninduced 
culture). Even the ‘constitutive’ experiment, 
where the enzyme formed high rate, the 
labelled penicillinase formed between and 
min. only the total enzyme formed 
during this period, compared with 
series i.e. apart from amino acids, the amounts 


Table detect sulphur-containing precursors exopenicillinase cells cereus 569 
before and after penicillinase induction, and cells the constitutive mutant strain 


Cells are first grown AA/G and then washed in, transferred and incubated unlabelled AA/G con- 
taining either excess unlabelled sulphate only (series unlabelled sulphate, methionine and cystine (series The 
radioactivity subsequently formed and isolated penicillinase expressed equivalent units ‘labelled’ penicillinase. 
From the standpoint these experiments, only negligible quantities penicillinase are formed the uninduced cultures (i); 
here the amounts ‘labelled’ penicillinase recorded merely indicate the residual non-penicillinase sulphur contamination 
expected the other experiments. 


569 569 
(i) Uninduced control’) (ii) Type (=induced time 
Exopenicillinase Exopenicillinase 
Bacterial (units/ml.) Bacterial (units/ml.) 
Time opacity opacity 
(min.) (mg./ml.) Total (mg./ml.) Total ‘Labelled’ 
Mean value enzyme 
all ‘contamination control’ 
samples 
Mean value ‘labelled’ enzyme 
all ‘contamination control’ 
samples =4-5 (+0-6) 
569 569/H 
(iii) Type (=induced min. previously) (iv) Constitutive 
A 
Cell-bound Cell-bound 
penicillinase Exopenicillinase penicillinase Exopenicillinase 
Bacterial (units/ml.) (units/ml.) Bacterial (units/ml.) (units/ml.) 
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sulphur-containing penicillinase 
stances pre-induced cells strain 569—either 
specific non-specific—are too low accurately 
measurable technique which could probably 
detect amounts down less than the total 
penicillinase sulphur present. With strain 569/H 
the amount precursor can assayed more 
accurately, since even after 20min. there 
significant ‘carry over’ labelled material into the 
enzyme. This quantity equivalent 7-1+0-9 
bacterial wt.). 

(B) series experiments the use excess 
unlabelled methionine and cystine for washing and 
subsequent incubation cells previously grown 
means that only penicillinase pre- 
cursor material which not derived from pre- 
viously formed free amino acids would detected. 
However, such hypothetical precursor material 
were present only very small quantities, its 
content labelled methionine (and cystine, 
present) might have been dissipated during the 
min. (or more) necessary for washing the cells. 
The true quantity precursor material present 
might therefore higher than that calculated 
from the constitutive experiment just analysed 
[Table (iv)]. meet this objection and provide 
possibly more sensitive method for detecting 
precursors, attempt was made determine the 
extent the lag between addition 
compounds the medium and their appearance 
exopenicillinase. Such lag would expression 
the time needed for the diffusion the sulphur 
compound into the cell, incorporation into pre- 
cursor, conversion precursor into penicillinase and 
final liberation the enzyme into the medium. 

The maximum time needed for the first these 
processes, which particular interest this 
connexion, can measured determining the 
speed incorporation into cell proteins (and 
other amino acid containing compounds) 
whole. Any ‘difference between the lags thus 
determined would the time needed for the con- 
version protein protein-like precursor material 
into exopenicillinase, and thus indication 
the quantity protein precursor material present. 
(The validity this argument depends the 
assumption that diffusion and penetration factors 
limiting incorporation medium sulphur into 
precursor material are the same 
those determining its incorporation into cell pro- 
teins general. This assumption appears reason- 
able.) The general technique was follows. The 
cells were grown AA/G medium 
sodium sulphate (supplemented the methionine 
incorporation experiments with un- 
about dry bacterial wt./ml. They were 
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centrifuged down rapidly, washed 
medium the same composition but containing 
citrate order desorb much 
possible and resuspended the 
same volume pre-warmed AA/G medium, shaken 
35°, and sulphate methionine 
added immediately. Samples were then 
removed once and intervals, and 
treated the usual way. 

(1) Experiments with The first 
series experiments were with isotopic sulphate. 
very considerable lag (about min.) was found 
before significant quantities medium sulphur 
began incorporated exopenicillinase; and 
even after min., newly formed exo-enzyme had 
only about 50% its sulphur derived from the 
medium. following the rate sulphur in- 
corporation into cell protein whole (trichloro- 
acetic acid-insoluble fraction) was found that the 
lag was due largely the time taken for medium 
sulphur, the form sulphate, incorporated 
into the general proteins the cell. Noconclusions 
could therefore drawn. 

(2) Experiments with Table 
and Fig. summarize the results one experiment 
which the rate incorporation medium 
sulphur, the form methionine, into (a) cell 
proteins and (b) exopenicillinase was expressed 
plotting increase incorporation against increase 
total exopenicillinase produced above the zero- 
time value. time plot obscures the results 
because, after centrifuging and treatment with 
citrate, there slight non-specific lag rate 
growth and total penicillinase formation. The same 
two curves are obtained the plot made against 
increase total (cell-bound peni- 
cillinase. 

apparent from Fig. that the slope the 
curve indicating incorporation sulphur from the 
medium into exopenicillinase reaches angle 45° 
(i.e. new enzyme ‘fully labelled’) after production 
only about units exo-enzyme and that the 
lag (measured extrapolation the linear 
portion the curve the base line) corresponds 
the time required for the production about 
units enzyme enzyme/mg. dry 
bacterial wt.). Under the conditions the experi- 
ment this under min., but with logarithmic- 
ally growing culture (not showing any non-specific 
lag) this would only min. The lag, though 
short, thus obviously specific and quite sig- 
nificant. 

such lag, however, shown the incorpora- 
tion medium sulphur into cell proteins general. 
Increase radioactivity acid- 
precipitable material strictly proportional 
increase total penicillinase right from zero time. 
This suggests that, for period corresponding 
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Table Rate incorporation methionine sulphur into (a) cell proteins, (b) exopenicillinase 
cereus 569/H growing amino acid medium 


Cultures were first grown methionine opacity corresponding 0-7 mg. dry bacterial 
wt./ml. They were then centrifuged and the cells rapidly washed medium the same composition and finally resus- 
pended AA/G. Immediately after this, labelled methionine was added. The radioactivity all samples expressed 
the equivalent amount ‘fully labelled’ penicillinase/ml. culture supernatant. 


Uninduced 569 


control’). 
Equiv. amount 
‘fully labelled’ 


Time after 
addition 


culture penicillinase (counts/min./ml. 
(min.) (units/ml.) culture) 
9-9 453 
7810 
400 
850 
800 
12] 500 


569/H 
Exopenicillinase 
Cell-bound penicillinase (units/ml.) 
(units/ml.) 

Total labelled’ 
215 
165 112 
212 163 
305 264 


= 
= 
Y%=6 
2s S 
cu 
4 
£ 
= 
Es 
a 
os ° 
x 
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= = 
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methionine into (a) cell proteins (@) and (b) exopeni- 
cillinase (O) cereus 569/H. (Values for samples 
taken immediately after addition labelled methionine 
have been subtracted throughout.) See Table and text. 


min. culture growing maximal speed, 
methionine sulphur, destined for exopenicillinase, 
the form some protein protein-like 
material other than exopenicillinase itself. How- 
ever, the quantity surface-cell-bound enzyme 
present time addition the 
isotopic sulphur corresponds fairly exactly the 
specific incorporation-lag expressed enzyme 
units. Since probable that the 
immediately after being formed, rapidly liber- 
ated into the medium the incorporation lag illus- 
trated Fig. may well merely represent the time 


wn 


Incorporation methionine into cell protein 
Labelled exopenicillinase 


Total exopenicillinase units/ml.) 


methionine into (a) cell proteins (@) and (b) exopeni- 
cillinase pre-induced cereus 569. See text. 


needed for conversion preformed 
into extracellular enzyme. That this is, indeed, the 
most probable explanation supported the 
experiment illustrated Fig. with 
induced culture strain 569. The technique used 
was exactly that employed the previous experi- 
ment with strain 569/H, except that the culture, 
being that the inducible strain 569, was induced 
with units penicillin/ml. min. before addition 
Under such conditions the 
quantity preformed present 
the time adding the methionine forms smaller 
proportion the total enzyme produced during the 
succeeding than with strain 569/H. If, 
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therefore, the incorporation lag were due 
correspondingly shorter the experiment with 
strain 569. Fig. there fact lag detect- 
able all. The inaccuracies this technique are 
such that lag less than min. might not 
apparent. possible therefore conclude that 
the maximum incorporation lag sec., corre- 
sponding this experiment amount exo- 
penicillinase precursor material equivalent 3-6 
penicillinase units/ml. This, again, corresponds 
roughly the quantity present 
units/ml.) the time the labelled sulphur was 
added. The quantity true penicillinase precursor 
might therefore very substantially less. 

The results these experiments broadly con- 
firm those the experiments Table [series 
(iv)] and place the conclusions reached surer 
quantitative basis. 


Control experiments with 


Only few carbon-incorporation experiments 
were done and these were confined repetition 
the ‘series type, with amino acids 
(algal-protein hydrolysate) place the 
methionine with 569/H. The general techniques were 
similar those employed for the sulphur incorpora- 
tion experiments, but the controls were limited 
scale. The basal AA/G medium, supplemented with 
was used for all 
experiments. 


‘Fully labelled’ enzyme. The specific radioactivity 
‘fully labelled’ strain 569/H was 
measured separately for each precursor experiment, with 
the same batch medium the experiment itself, 
described ‘General methods’. The figures obtained could 
then used directly, without correction, for conversion 
radioactivity penicillinase isolates into ‘units labelled 
enzyme’. 

Contamination controls. (a) For ‘fully labelled’ enzyme, 
the contribution non-penicillinase impurities containing 
carbon the radioactivity samples penicillinase 
formed the presence labelled amino acids was measured 
the use uninduced cultures strain 569 growing the 
same medium and under the same conditions those 
employed for determination specific activity the 
‘fully labelled’ enzyme (i.e. exactly the experi- 
ments). This contamination amounted about for 
the induced enzyme and less than for the consti- 
tutive. 

(6) For the precursor experiments themselves the range 
probable contamination shown Table (giving the 
results one experiment) figures obtained using the 
same technique, but with an uninduced culture of strain 
569. amounted less than the figure recorded for 
labelled enzyme formed min. did not vary signifi- 
cantly over the period the experiment and can, not 
unreasonably, ignored. 

Biological equivalence added, labelled amino acid 
(algal-protein hydrolysate) the amino acids the 
basal medium. The equivalence these amino acid 
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mixtures source carbon for protein synthesis was 
measured for the added (see above). The 
equivalence was checked for general cell-protein synthesis, 
though not for penicillinase itself, plotting the reciprocal 
the incorporation radioactivity into cell protein 
(counts/min./mg. increase dry weight) against the 
specific activity the total amino acids the medium. 
This was done incubating the cells for min. given 
quantity protein hydrolysate added AA/G 
medium (1) undiluted, (2) diluted 1:5 and (3) diluted 1:10. 
The three points were found lie straight line 
Fig. seems reasonable conclude that the varying 
relative specific radioactivities the different amino acids 
the three differently diluted media (due the fact that 
the amino acid composition the algal-protein hydrolysate 
was not identical that the AA/G medium) did not 
affect the relative rates incorporation into cell pro- 
tein, its incorporation into penicillinase would 
unaffected. 
Experiments with 

Table and Fig. which should compared 
directly with Table and Fig. respectively, show 
the same sort lag for incorporation carbon into 
exopenicillinase strain 569/H was demon- 
strated for sulphur. is, fact, little longer 
(nearly 3min. for growing 
culture) and equivalent 
precursor equivalent concentration about 
units/ml., about twice that obtained the 
sulphur experiment. second experiment (not 
recorded) the lag corresponded penicillinase- 
precursor equivalent concentration units/ml. 
both experiments this value was the same 
order the amounts found the 
cells the same time the isotope was added (27 
and units/ml. respectively). The results are, 
the whole, fair agreement with those obtained 
the experiment with 


DISCUSSION 


The work reported here has been done largely with 
the label for detection possible penicillinase 
precursors. Conclusions reached the basis 
experiments done with sulphur may apply only 
sulphur-containing material. However, the similar 
results obtained one series experiments with 
amino acids suggest that reason- 
able extrapolate these findings general con- 
clusions the mechanism enzyme biosynthesis. 
The results have been obtained from two quite 
different types experiment: (A) measurement 
the amount present exopenicillinase 
formed cells medium containing only 
unlabelled source sulphur, after growth 
sulphate (Table 3); (B) calculating the quantity 
unlabelled exopenicillinase formed cells 
acids after previous growth unlabelled medium, 
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Table 


Rate incorporation from amino acids into (a) cell poteins, 


(b) exopenicillinase cereus 569/H 


The conditions were exactly for the experiment recorded Table except that algal-protein hydrolysate 
was substituted for the and the medium contained 150 unlabelled 


Uninduced 569 


Time after 

addition 
algal-protein 


(=‘contamination 
control’). 
Equiv. amount 


‘fully cell proteins 


569/H 
Exopenicillinase 
Cell-bound penicillinase (units/ml.) 
(units/ml.) 

Total labelled’ 
216 
105 
168 124 
219 182 
265 246 


hydrolysate penicillinase (counts/min./ml. 
(min.) (units/ml.) culture) 
683 
500 
000 
500 
600 
8-0 000 
o> 
= 
vu 
= © 


Total exopenicillinase units/ml.) 


acids added 


amino acids into (a) cell proteins (@) and (b) exopeni- 
cillinase cereus 569/H. See Table and text. 


determining the disproportionality (if any) 
between total and ‘fully labelled’ exo-enzyme 
formed after addition the label (Figs. 5). 
those experiments where such disproportionality 
found (see Figs. there parallel lag in- 
corporation labelled material into cell proteins 
general. This indicates that the relative lag 
formation labelled exopenicillinase reflexion 
the time needed for the conversion some exo- 
penicillinase precursor, having protein-like pro- 
perties, into exopenicillinase itself. 

Series experiments show that maximum 
about (with 569/H) and less than (with pre- 
induced 569) the exopenicillinase formed 
min. has been derived from non-amino acid 
material present the cells the beginning the 
experiment. Series experiments show fair 


agreement with these findings. The experiment 
illustrated Fig. permits the calculation that, 
with pre-induced strain 569 cells, forming the 
enzyme maximal rate, and assuming the mean 
weight single cell 1-3 g., there can 
more precursor material present than that 
cell. The true figure probably much lower. Apart 
from free amino acids themselves, significant 
quantities exopenicillinase precursors have been 
detected the cells only the penicillinase-con- 
stitutive mutant strain 569/H. The quantities 
found are very small and correspond approxi- 
mately the amount surface-bound enzyme 
the immunological type which has been referred 
seems likely, therefore, that 
the exopenicillinase ‘precursor’ detected experi- 
ments with 569/H nothing other than 
surface-bound 

Two useful conclusions can made from these 
findings: 

(1) The maximum possible amount type 
precursor compatible with the negative results 
the experiment summarized Table [series 
were the specific lag penicillinase induction (see 
Pollock, 1952) due the existence specific 
penicillinase precursor. Some idea the quanti- 
tative nature this lag can appreciated 
comparing the amount enzyme formed given 
time strain 569 incubated under identical con- 
ditions (a) immediately after induction and 
after pre-induction for 60min. [types and 
experiments respectively Table (ii) and (iii)]. 
would now seem more likely that this lag repre- 
sents the time needed for the production activa- 
tion the specific enzyme-forming system (the 
‘organizer’ postulated Fig. responsible for 
catalysing the synthesis penicillinase. 

(2) The results the ‘constitutive’ experiments 
show that the concentration intracellular 
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penicillinase cannot represent the steady-state 
amount cell-bound exopenicillinase precursor. 
For instance, the amount 569/H 
activity present the time 
addition the experiment illustrated Table 
was 215 units/ml., and 145 and 162 units/ml. 
respectively time transfer the two experi- 
ments Table (iv), seven times the 
maximum possible quantity exopenicillinase 
precursor calculated from the experiment 
Table other words, assuming that the 
specific enzymic activity y-penicillinase does not 
differ significantly from that the exo-enzyme, not 
more than 14% y-penicillinase, according the 
findings, can normally pass 
become exopenicillinase. 

One the main conclusions similar that 
reached Hogness al. (1955), who showed, 
the induced synthesis coli B-galactosidase, 
that more than the sulphur the enzyme 
cell mass after induction could have been derived 
from material present the cells before induction. 
certain other features, however, the penicillinase- 
synthesizing system different. For when the 
‘A’ precursor experiments are done under condi- 
tions not designed eliminate the inclusion 
sulphur-containing amino acids 
precursors (namely incubation, after growth 
medium not containing excess 
unlabelled methionine and cystine: see Table 
the exopenicillinase formed after transfer from 
labelled unlabelled medium labelled, and must 
thus have been derived from material present 
the cells before transfer. The figure approxi- 
mately the same for the whole series experiments 
and for samples taken different times. Taken 
together with the results the ‘A’ (series 
experiments, this indicates continuous incorpora- 
tion into penicillinase sulphur derived from 
methionine cystine (or both) present (in some 
form) the cells before transfer. is, however, 
unlikely that these sulphur-containing amino acids 
are free state within the cells. The total free 
amino acid content cereus not more than 
the total dry weight (J. Mandelstam, 
personal communication) and the content free 
methionine (since its rate synthesis known 
limiting growth) probably proportionately 
lower. Thus, growing cells, the free methionine 
and cystine present any given moment would 
presumably replaced synthesis new meth- 
ionine and cystine from sulphate within few 
minutes. This would mean that incorporation 
sulphur from this source would negligible after 
the first sample had been taken (20 min.), whereas 
incorporation fact continues undiminished 
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the end the experiment (80 min.). The most 
probable explanation that the methionine and 
cystine are being continuously released from some 
firmly bound complex compound during the 
course incubation. That free methionine con- 
tinuously released from bound form, rate 
corresponding turnover cell protein 
approximately per hr., these cells incu- 
bated under comparable conditions has now been 
directly demonstrated 1959) isolation 
labelled methionine from cultures growing 
medium containing unlabelled methionine and 
cystine after previous growth That 
small continuous supply endogenous amino 
acids available, independent synthesis from 
medium constituents, also indicated the 
finding that such cells, grown under identical con- 
ditions and subsequently washed and incubated 
the same medium but without amino acids (i.e. 
nitrogen source) can still produce penicillinase, 
but rate about that shown cells in- 
cubated the complete medium (M. Pollock, 
unpublished work). seems most likely that this 
due protein breakdown within the cells. 

Similar protein turnover, but the more 
marked degree 4-5%/hr., has been demon- 
strated washed suspensions coli incubated 
without source nitrogen Mandelstam (1957), 
who has discussed detail why this was not 
detected the precursor experiments undertaken 
Hogness al. (1955). The most likely explana- 
tion that, coli, protein breakdown in- 
hibited under conditions (i.e. added source 
nitrogen) usually associated with cell growth. 
There now seems little doubt that endogenous 
building blocks for new protein synthesis are 
provided metabolizing suspensions bacteria 
appreciable rate. cereus this break- 
down significant even when cells are growing, 
with plentiful supply amino acids the 
medium. 

conclusion might perhaps useful 
consider the general implications our finding that 
with fully induced strain 569, forming penicillinase 
maximal rate, there cannot more precursor 
substance, any moment, than would equiva- 
lent 400 molecules the enzyme/cell. Reasons 
have been given for believing that the actual 
amount much less. Attention thus directed 
vizualizing what sort mechanism penicillinase 
synthesis would consistent with the existence 
such very small quantities intermediate com- 
pound. The so-called ‘template hypothesis’, which 
does not demand the existence intermediate 
substance between free amino acids 
complete protein other than the amino acid 
polypeptide template complex itself, would ob- 
viously fulfil the necessary conditions satisfactorily. 
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Within the general framework the template 
hypothesis, specific features which would result 
very small quantities stable intermediates would 
(a) few templates, i.e. limited number 
enzyme-forming ‘sites’ per cell for each enzyme, 
and (b) reversible combination between amino 
acids and template until the peptide bonds are 
formed and the polypeptide chain completed. 
Both these possibilities are plausible. Even were 
there only one penicillinase-forming site each 
cell would only have responsible for pro- 
duction 800 molecules penicillinase/min. 35° 
fully induced culture strain 569, forming the 
enzyme maximal rate. This low enough 
‘turnover number’ for biological catalyst 
comparison with most known enzymes. There 
likewise nothing exclude the possibility that 
amino acids might first combine with some specific 
template-receptor surface strictly reversible 
manner. Unstable amino acid 
complexes have indeed been postulated, sug- 
gestive (if not conclusive) evidence, possible 
intermediaries protein synthesis (Hoagland, 
Zamecnik Stephenson, 1957; Berg, personal 
communication). The so-called ‘free amino acid 
pool’ probably present all most living cells 
may fact partly largely composed amino 
acids reversibly fixed some specific receptor and 
already destined for particular protein. The 
different lines evidence present available all 
seem converging towards the conclusion that 
amino acids are rapidly converted into protein 
mechanism involving only transient formation 
very small quantities intermediate compounds. 


SUMMARY 


technique has been developed for the 
isolation, pmg. amounts, exopenicillinase 
formed samples from cultures the 
penicillinase-inducible strain 569 and the peni- 
cillinase-constitutive strain 569/H Bacillus 
cereus. 

search has been made for possible inter- 
mediates the biosynthesis exopenicillinase 
from amino acids (a) measuring the degree 
labelling the exopenicillinase formed after 
transfer cells, previously grown 
fresh medium containing only unlabelled 
sources sulphur; (b) determining the specific lag 
from the medium into exopenicillinase formed after 
previous growth unlabelled medium. 

The results both types experiment agree 
showing detectable quantities any inter- 
mediate between ‘free’ amino acids and exopeni- 
cillinase the inducible strain 569; and the ‘small 
quantities found the constitutive strain 569/H 


1958 
probably correspond subsequent release the 
traces penicillinase, bound the cell surface and 
retained the cells time transfer, into the 
medium the exo-enzyme. 

The sensitivity the technique permits the con- 
clusion, based the negative results obtained with 
the inducible strain 569, that with fully induced 
cells forming the enzyme maximal rate, the 
quantity penicillinase precursor material present 
could not exceed amount corresponding 
400 molecules penicillinase/cell. Reasons are 
given for believing that the true quantity may 
very considerably less. 

These results also show (a) that the specific 
synthesis after addition penicillin logarith- 
mically growing culture strain 569 cannot due, 
any significant degree, the production 
specific enzyme precursor, and that the intra- 
cellular ‘y-penicillinase’ unlikely normally 
function precursor the exo-enzyme. 

Comparison the results obtained after 
transfer cells unlabelled medium 
with and without addition excess methionine 
and cystine have shown that about 10% the 
sulphur penicillinase formed cells growing 
complete amino acid medium derived from endo- 
genously produced methionine cystine, both, 
probably liberated from breakdown protein 
within the cells. 


This work was done during the time when one the 
authors (M.K.) was leave absence from the Depart- 
ment Medical Chemistry the Medical University 
Budapest, and receipt special grants from the 
Ministry Health the Hungarian People’s Republic and 
the Wellcome Foundation Trust for which would like 
express his sincere appreciation. 

are both deeply indebted Miss Joan Fleming, 
whose patient, careful and expert assistance was invaluable 
during the whole course this work. The estimation the 
sulphur content 569/H penicillinase was carried out 
the microanalytical laboratory the Division Organic 
Chemistry the National Institute for Medical Research, 
Mill Hill. 
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Metabolism Polycyclic Compounds 
13. ENZYMIC HYDROXYLATION NAPHTHALENE RAT-LIVER MICROSOMES* 
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(Received April 1958) 


enzyme system found Mitoma Udenfriend 
(1955) microsomes rabbit liver hydroxylates 
aniline, acetanilide, quinoline, naphthalene and 
diphenyl the presence oxygen, nicotinamide, 
adenosine triphosphate, inorganic phosphate and 
nucleotide. Other 
substances are hydroxylated microsomes, e.g. 
dimethylaminoazobenzene rat-liver microsomes 
(Kensler, Miller Hyatt, 1956), 
esterone the derivative the 
presence reduced triphosphopyridine nucleotide 
ox-adrenal microsomes (Ryan Engel, 1956, 
mouse-liver microsomes the presence reduced 
triphosphopyridine nucleotide (Mueller Rumney, 
1957) and 3:4-benzopyrene 8-hydroxy-3:4-benzo- 
microsomes the presence reduced triphospho- 
pyridine nucleotide, reduced diphosphopyridine 
nucleotide and oxygen (Conney Miller, 1957; 
Conney, Miller Miller, 19576). Other compounds 
hydroxylated the presence reduced triphospho- 
pyridine nucleotide and oxygen are nitrobenzene and 
salicylic acid (Mitoma, Posner, Reitz Udenfriend, 
1956) and 
thalene, 2-aminofluorene and 2-acetamidofluorene 
(Booth Boyland, 1957). 

Naphthalene particularly interesting sub- 
strate for this system because converted into 
both 
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naphthalene liver microsomes the presence 
reduced triphosphopyridine nucleotide and oxygen 
(Mitoma al. 1956). This paper presents evidence 
that two different enzymes are involved the form- 
ation these two hydroxylated products. 


EXPERIMENTAL 


Materials. Triphosphopyridine nucleotide (TPN), the 
dihydrate the sodium salt, reduced TPN (TPNH) the 
sodium salt, glucose 6-phosphate (G6-P) the disodium 
salt and flavine mononucleotide (FMN) the monosodium 
salt dihydrate were obtained from Sigma Chemical Co. 
Ribonucleic acid (RNA) from rat liver was gift from 
Professor Butler. Pyrophosphate buffers were 
prepared from K,P,0, and and tris buffers from 
2-amino-2-hydroxymethylpropane-1:3-diol (tris) and HCl. 

Microsome suspensions. Livers from male rats were 
Blender (Measuring and Equipment Ltd.) for 
0-5 min. with Potter Elvehjem (1936) type homo- 
genizer with Teflon (polytetrafluoroethylene) pestle, and 
centrifuged approx. 600 for hr. The supernatant was 
then centrifuged for min. 000 Spinco Model 
preparative ultracentrifuge with rotor no. 40. (Centrifugal 
forces refer the centre the tube.) This supernatant, 
containing the microsomes, was then centrifuged 
000 for min. and the microsomal pellet stored 
The activity remained reasonably 
constant for 3-4 days. For enzyme-activity estimations, 
the sucrose soln. was poured off and the microsomal pellet 
homogenized water glass homogenizer with Teflon 
pestle, that ml. suspension corresponded 750 mg. 
original liver. All operations were carried out between 
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and and glass-distilled water was used throughout. 
typical microsome suspension contained 
protein/ml., estimated modification the biuret 
method (Fincham, 1954), and RNA/ml. 
estimated the orcinol method Mejbaum (1939) 
applied microsome fractions Simkin Work (1957). 
This gave RNA/protein ratio 0-12, which agree- 
ment with the value found other workers for micro- 
somal material (Simkin Work, 1957; Keller, Zamecnik 
Loftfield, 1954). RNA prepared from rat liver the 
method Kay Dounce (1953) was used the standard. 

Identification metabolites. The metabolites 1-naphthol 
and 1:2-dihydro-1:2-dihydroxynaphthalene were identified 
paper chromatography previously described (Booth 
Boyland, 1957). determine 2-naphthol was present 
the reaction mixture, ascending-paper chromatograms 
were developed aq. soln. (Boyland Sims, 
1953). 

Estimation enzyme activity. solution TPNH was 
freshly prepared the enzymic reduction TPN 
G6-P dehydrogenase present the soluble liver fraction 
with added G6-P (Glock McLean, 1953). TPN (2-4 mm), 
G6-P nicotinamide (24mm) and soluble liver 
fraction (20%) were allowed stand room temperature 
for min., which time reduction TPN measured 
the increase optical density 340 was complete. 
The hydroxylation was started the addition 0-5 ml. 
this solution the reaction mixture, which had final 
volume ml. Thus except for experiments involving in- 
hibitors the reactions were carried out the presence 
G6-P and G6-P dehydrogenase, which enabled the initial 
reaction velocity remain constant for longer periods 
time than could obtained the addition TPNH 
alone. The naphthalene was added solution ethylene 
glycol monomethyl ether typical reaction 
mixture contained ml. microsome suspension, buffer 
solution naphthalene (0-4 mm) and 0-5 ml. the 
TPNH solution described total volume ml. and was 
shaken air 37° for min. experiments testing the 
effect various inhibitors the reaction rate, TPNH was 
used the absence G6-P and G6-P dehydrogenase and 
the reaction mixture was incubated buffer, 
7-6, for min. The reaction was stopped the addition 
0-6 ml. cone. HCl, two ml. portions were removed 
into separate tubes and one these was placed boiling- 
water bath for min. convert the 1:2-dihydro-1:2-di- 
hydroxynaphthalene into Thus the difference 
the amount before and after acid hydrolysis 
was proportional the amount 1:2-dihydro-1:2-dihydr- 
oxynaphthalene present the reaction mixture. esti- 
mate the acidified reaction mixture was shaken 
with ethyl acetate and after centrifuging ethyl 
acetate (2-5 ml.) was removed from each tube. Freshly 
prepared 0-1% 2:6-dichloroquinonechloroimide ethanol 
(0-2 ml.) was added, followed 10% soln. 
ml.). After shaking well and centrifuging, the optical 
density the blue colour the ethyl acetate phase was 
read 605 Unicam SP. 500 spectrophotometer. 
experiments with reaction mixtures containing G6-P and 
G6-P dehydrogenase, the addition naphthalene caused 
increases both and 1:2-dihydro-1:2-dihydr- 
oxynaphthalene which were linear with time for min. 
either the buffer systems used. When was 
incubated with the complete reaction mixture (except for 
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naphthalene) was destroyed linearly that 20% 
appeared Therefore all experiments with 
incubations for min., standard curves were constructed 
adding known amounts and 1:2-dihydro- 
the complete (except for 
naphthalene) reaction mixture and incubating for min., 
that the values quoted represent the amount meta- 
bolites which were actually formed. Added 
was not destroyed incubation 
with the reaction mixture. Similar standard curves were 
prepared for inhibition experiments carried out the 
absence G6-P and G6-P dehydrogenase and with incu- 
bations for min. The addition caffeine reduced the 
destruction but had effect added 
dihydro-1:2-dihydroxynapthalene. different standard 
curve for the presence caffeine was there- 
fore employed. Added cysteine had effect the final 
concentration either metabolite when the metabolites 
were incubated with the reaction mixture. experiments 
the effect cysteine the course the reactions 
(Fig. Table 2), the results represent the actual amount 
the metabolites present the various times, and for 
naphthol are the overall results both formation and 
destruction. The metabolism 2-naphthol has not been 
investigated. The relationship between optical density and 
concentration metabolites added was linear over the 
range used most experiments the 
blank contained boiled-microsome suspension and all the 
other components, but fresh microsomes without either 
naphthalene TPNH also gave colourless blanks. 


RESULTS 


The only metabolites naphthalene identified 
paper chromatography were 
dihydro-1:2-dihydroxynaphthalene. Although aq. 
soln. gave good separation 1-naphthol 
and 2-naphthol (Boyland Sims, 1953), 
naphthol could detected the reaction mixture. 
When 2-naphthol 1:2-dihydro-1:2- 
dihydroxynaphthalene was incubated with micro- 
somes and TPNH, only the added compound could 
identified, indicating that none these sub- 
stances intermediate the formation one 
the others under these conditions. 

Effect pH. The reaction rates 
phosphate buffer were determined various 
values the range and buffer 
between 6-8 and 9-0, the curves being 
shown Fig. The optimum for 1:2-dihydro- 
1:2-dihydroxynaphthalene formation was 7:5 
pyrophosphate buffer and 8-2 tris buffer, and the 
optimum conditions for formation were 
pyrophosphate buffer and 7-6 tris buffer. 
Thus each buffer the higher value favoured 
1:2-dihydro-1:2-dihydroxynaphthalene formation. 
The proportional amounts and 1:2- 
dihydro-1:2-dihydroxynaphthalene formed the 
microsomes varied slightly with different prepara- 
tions, but the optimum values relatively 
more than 
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was formed tris buffer than pyro- 
phosphate buffer. The initial rates remained con- 
stant for min. and this incubation time was used 
determine the curves. Pre-incuba- 
tion the microsomes without TPNH for these 
times the highest and lowest values used did 
not alter the activity, showing that the enzymes 
were stable under these conditions over the 
range tested. 

Effect caffeine. The addition caffeine 
the rate formation 1:2-dihydro-1:2-di- 
hydroxynaphthalene but caused increase the 
formation maximum effect being 
obtained with (Fig. 2). Although 
caffeine increases the solubility hydrocarbons 
(Brock, Druckrey Hamperl, 1938), the activation 
increase the solubility the substrate because 
the effect caffeine was greater lower substrate 
concentrations. With the substrate concentration 
which near the maximum solubility 
naphthalene water 37° (Bohon Claussen, 
1951), the reaction increased 120% 


0-4 


0-2 


Metabolites formed liver/hr.) 


Fig. curve for the hydroxylation naph- 
microsome suspension, 0-2 
TPNH, 0-4 and 0-1 ml. 
soluble liver fraction and were incubated air for 
buffer; 
buffer; 
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caffeine, but the naphthalene concen- 
tration Furthermore, the addition 
acid, which more effec- 
tive solubilizing agent than caffeine (Weil-Malherbe, 
1946), has inhibitory effect. 

Since liver microsomes the presence TPNH 
and are known N-demethylate narcotic drugs 
such morphine and codeine (Axelrod, 1956), 
possible that caffeine may undergo similar re- 
action and thus influence the rate hydroxylation. 
However, both these narcotics concentration 

higher values the rate 1:2-dihydro-1:2- 
dihydroxynaphthalene formation was 
creased addition caffeine and the 
optimum activity shifted from 8-1 (Fig. 3). 
The addition caffeine with without ethylene- 
diaminetetra-acetic acid (EDTA) 
buffer, 7-6, did not increase the rate formation 
1-naphthol but caused inhibition 1:2-dihydro- 
1:2-dihydroxynaphthalene formation. These results 
are summarized Table 

Effect cysteine tris buffer. The addition 
2-5 EDTA the reaction mixture 
had effect the initial rates formations 
the two metabolites but the rate 1:2-dihydro- 
1:2-dihydroxynaphthalene formation was main- 
tained for longer periods time (Fig. 4). tris 
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Fig. Effect concentration caffeine the rate 
buffer, 7-4. Reaction mixtures and incubations were 
the same those used Fig. Rate formation 
thalene. 
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buffer, 8-2, the rate formation 1:2-di- 
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hydro-1:2-dihydroxynaphthalene 
stant for only min., whereas the presence 
cysteine cysteine ester the initial rate was 
maintained for min., but the same concentration 


@ 


Metabolites formed liver/hr.) 


2° 


Fig. Effect caffeine the pH-activity curve 


and 


incubations were the same those used Fig. Rate 


oxynaphthalene: 


Table Effect various compounds the rate hydroxylation naphthalene 


mixtures ml.) contained ml. microsome suspension, mM-nicotinamide, 0-2 
0-4 and 0-1 ml. soluble liver fraction and were incubated air 37°. 


Buffer 


Pyrophosphate 
Pyrophosphate 
Pyrophosphate 
Pyrophosphate 
Pyrophosphate 
Pyrophosphate 
Tris 
Tris 
Tris 


Tetramethyluric acid 


St St Ct — Sr bo 


Caffeine 


1:2-dihydro-1:2-dihydroxynaph- 


mercaptoethylamine caused slight inhibition. 
the other hand, the increase produced the 
overall formation, which equi- 


w > 


2 


Metabolites present liver) 


Fig. Effect cysteine and EDTA the course the 
reactions buffer, 8-2. Reaction mixtures 
and incubations were the same those used Fig. 
additions; with with 2-5 


1:2-Dihydro-1:2- 
dihydroxynaphthalene 


Without 
addition 


0-43 
0-40 
0-14 
0-40 
0-40 
0-40 
0-34 
0-26 
0-34 


liver/hr.) 


Vol. 


libriu 
incuk 
the 
cyste 
This 
with 
value 
the 
Table 
amou 
the 
tion 
that 
TPNI 
form 
hydro 


Incu 


Expt 


DISD w 


React 


thalene 


\ 
| 
ir 
pH 
activity liver/hr.) activity 
Addition With addition Without With addition 
addition (%) addition addition (%) 
Caffeine 0-88 +105 0-43 0-40 
Caffeine 0-93 +132 0-51 0-49 
Caffeine 0-75 +435 0-65 +76 
0-25 0-51 0-32 
Codeine 0-22 0-51 0-20 
Morphine 0-18 0-51 0-21 
Caffeine 0-32 0-51 0-20 
Caffeine 0-25 0-68 0-25 


Vol. 


librium between formation and destruction, after 
incubation for min. was comparatively small and 
the rate the reaction, even the presence 
cysteine, began fall off considerably after min. 
This decrease the rate formation 1-naphthol 
with without cysteine also occurred lower 
values, which are more favourable 1-naphthol 
production. 

Experiments which some the components 
the system were pre-incubated are summarized 
Table Expts. and showed the increase the 
amounts metabolites formed min. due 
the maintenance the reaction rate the addi- 
tion cysteine, and Expts. and demonstrated 
that pre-incubation microsomes tris buffer for 
min. had effect the activity. Expts. and 
showed that after incubation microsomes with 
TPNH for min. the system was longer able 
hydroxynaphthalene, although measurements 
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the optical density 340 showed that about 
90% the TPNH remained after this time. The 
addition cysteine did not restore the activity. 
Addition cysteine the beginning the incu- 
bation partial protection Further- 
more, when all the components are present from 
the start (Expt. the reaction had ceased after 
min. (Fig. and addition cysteine this 
stage caused increase the amount meta- 
bolites. The addition 2-5 mm-EDTA also caused 
large increase the amount 1:2-dihydro-1:2- 
dihydroxynaphthalene with long incubation times 
but the initial rate was slightly lower the 
presence this compound. 

Effect inhibitors. The inhibitory effect 
various compounds tris buffer, 7-6, shown 
Table The most powerful inhibitor both 
thalene formation was methylene blue, which 
caused about inhibition concentration 


Table Effect pre-incubation microsomes with 2-5 
and various components the hydroxylating system 


Incubation was tris buffer, 8-2, with additions given Table that when TPNH was added was the 


presence G6-P and G6-P dehydrogenase. 


Amount present after min. 


liver) 
1:2-Dihydro-1:2- 
Expt. Components present Components added after 
no. beginning expt. pre-incubation for min. 1-Naphthol naphthalene 
Nil Microsomes naphthalene TPNH 0-09 0-18 
Nil Microsomes naphthalene TPNH 0-16 0-51 
and cysteine 
Microsomes Naphthalene TPNH 0-09 0-18 
res Microsomes cysteine Naphthalene 0-15 0-50 
Microsomes TPNH cysteine Naphthalene 0-08 0-23 


Table Effect inhibitors the hydroxylation naphthalene 


Reaction mixtures ml.) contain ml. microsome suspension, 0-2 0-4 
thalene and buffer, 7-6, and were incubated for min. 37°. 


Approximate inhibition 
A 


Final 1:2-Dihydro-1:2- 
dihydroxy- 
Inhibitor 1-Naphthol naphthalene 
Methylene blue 0-006 
p-Chloromercuribenzoate 0-1 
0-12 
FMN 
KCN 1-0 
EDTA 
Cysteine 


Activation. 
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and another electron carrier FMN also in- 
hibited both reactions, although higher concen- 
tration was required. The metal-binding com- 
pounds o-phenanthroline and KCN 
and EDTA and cysteine 2-5 did not 
inhibit the reactions; fact the first two com- 
pounds caused slight increase 
formation. Both reactions were very sensitive 
ions, being inhibited about 50% 
CuCl, and 0-12 ions caused about 30% 
inhibition. This latter effect is, however, compli- 
cated the fact that ion apparently reacts 
with tris buffer form complex (De Moss, 1954). 


DISCUSSION 


Both and 2-naphthol are excreted the 
urine rats which have been dosed with naph- 
thalene (Corner Young, 1954), that 
remarkable that the hydroxylating system liver 
microsomes produces only. Although 
the failure identify 2-naphthol may due the 
fact that the tests applied are not sufficiently 
sensitive, this seems unlikely since Mitoma al. 
(1956) obtained similar results with rabbit-liver 
microsomes and spectrofluorometrical methods. 
has been suggested Parke Williams (1956) 
that ortho-hydroxylase and para-hydroxylase 
are involved the hydroxylation aniline since 
they have found considerable differences the 
formation ratio different species. 
However, rat-liver microsomes hydroxylate aniline 
the ortho- and para-positions and 
amine the and positions (Booth Boyland, 
1957), that the system producing 2-naphthol 
from naphthalene vivo probably involves third 
enzyme system which may either situated out- 
side the microsomes suggested Mitoma al. 
(1956) have different coenzyme requirements. 

The formation from naphthalene 
but not 
thalene suggests that the latter not inter- 
mediate the formation liver 
microsomes. Experiments vivo have shown that 
1:2-dihydro-1:2-dihydroxynaphthalene converted 
into hydrogen sulphate and 2-naphthol 
the rat (Corner Young, 1955), but evidence 
has been obtained that this occurs liver micro- 
somes. 

The presence caffeine has been shown have 
different effect the rate formation the two 
dihydro-1:2-dihydroxynaphthalene formation 
unaffected and formation doubled. 
Little known about the action caffeine 
enzymes except that inhibits oxidases such 
cytochrome oxidase (Torda Wolff, 1950) and 
amino acid oxidase (Burton, 1951). The system 
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containing microsomes, TPNH and oxygen 
known demethylate many compounds, e.g. 
drugs (Axelrod, 1956), lanosterol (Olson, 
Lindberg Bloch, 1957), ephedrine (Axelrod, 
1955) and 3-methoxy-4-monomethylaminoazoben- 
zene (Conney, Brown, Miller Miller, 
caffeine were demethylated would expected 
reduce hydroxylation because would compete for 
TPNH, unless the demethylating reaction 
one its products which stimulates the rate 
formation This possibility was in- 


vestigated adding morphine codeine, which 


are known N-demethylated the system 


(Axelrod, 1956), the reaction mixture, but both 


compounds caused inhibition hydroxylation. The 
finding that the increase 1-naphthol formation 
caused the addition caffeine was produced 
pyrophosphate buffer but not tris buffer sug- 
gested that metal-binding compound may 
necessary, but pyrophosphate buffer could not 
replaced EDTA tris buffer. 

tris buffer, 8-2, the initial rates forma- 
tion and 1:2-dihydro-1:2-dihydroxy- 
naphthalene are maintained only for 
Gillette, Brodie (1957) have shown that 
although liver microsomes catalyse the disappear- 
ance TPNH, the addition 
system, such G6-P and G6-P dehydrogenase, 
restores the characteristic peak 340 its 
original value, showing that the TPNH had been 
oxidized TPN, which was then completely 
reduced again. Since the experiments tris buffer 
were carried out the presence G6-P and G6-P 
dehydrogenase unlikely that failure main- 
tain the rate hydroxylation due loss 
TPNH. fact measurement the optical density 
340 showed that 90% the coenzyme was 
still the reduced form after incubation for 
min. with microsomes. The addition cysteine 
the reaction mixture enables the initial rate 
formation 1:2-dihydro-1:2-dihydroxynaphtha- 
lene, but not 1-naphthol, continue for least 
three times long, presumably due the pro- 
tection either the 1:2-dihydro-1:2-dihydroxy- 
naphthalene-forming enzyme intermediate 
essential its production. Cysteine may protect 
the enzyme acting metal-complexing agent, 
since EDTA nearly effective. 

All the inhibitors tested decreased the formation 
both 1:2-dihydro-1:2-dihydroxynaphthalene and 
Compounds which react with sul- 
phydryl groups such p-chloromercuribenzoate, 
mercuric chloride and copper sulphate were power- 
ful inhibitors both reactions, which indicates 
that sulphydryl groups are involved. Similar 
results were obtained the hydroxylation 
acetanilide (Mitoma al. 1956) and benzopyrene 
(Conney al. 
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The fact that the enzyme systems are active 
pyrophosphate buffer and are not inhibited 
potassium cyanide, o-phenanthroline, 
EDTA cysteine suggests that either they have 
metal-ion requirement the metal firmly 
bound the enzyme some microsomal material. 
this respect they are similar benzopyrene 
hydroxylase (Conney al. and kynurenine 
hydroxylase (de Castro, Brown Price, 1957), and 
differ from phenylalanine hydroxylase (Mitoma, 
1956), which requires ion for activity. 

Methylene blue was the most effective inhibitor 
found for the hydroxylation naphthalene, but 
the interpretation the effect inhibitors 
complicated the fact that the reaction involves 
enzyme system rather than single enzyme. 
TPNH oxidase from human erythrocytes, which 
oxidizes TPNH, with oxygen, methaemoglobin 
the terminal electron acceptor, 
and requires methylene blue electron carrier, 
has been described Huennekens, Liu, Myers 
Gabrio (1957) and Huennekens, Caffrey, Basford 

TPNH oxidase which catalyses the oxidation 
TPNH TPN and hydrogen peroxide the 
absence added substrate and this enzyme has 
been implicated the dealkylation foreign 
alkylamines such monomethyl-4-aminoanti- 
pyrine. The rate oxidation TPNH greatly 
increased methylene blue, which inhibitor 
dealkylation, probably acting diverting the 
transfer electrons (Gillette al. 1957). 
methylene blue had effect the 
ation naphthalene, the inhibition FMN 
could explained the same way. Since some 
the liver TPNH-cytochrome reductase present 
the microsome fraction (Hogeboom Schneider, 
1950) possible that methylene blue could 
replace cytochrome electron accepter and 
thus cause rapid oxidation the TPNH, 
pyridine reductases can 
also show diaphorase activity (Mahler, Sarkar 
Vernon, 1957). 

Isotopic studies have shown that the oxygen 
utilized steroids (Hayano, 
Lindberg Dorfman, 1955), acetanilide 
ase (Hayaishi, Rothberg Mehler, 1956) and 
aniline hydroxylase (Udenfriend, Mitoma Posner, 
1956) derived from oxygen. These enzymes fall 
into class (or mixed-function) oxidases, which 
one atom oxygen added the substrate, 
according the classification suggested Mason 
(1956, 1957). The formation from 
naphthalene could also included; the formation 
1:2-dihydro-1:2-dihydroxynaphthalene diff- 
erent, because the elements hydrogen peroxide 
are added the substrate. 

The different effects pH, caffeine and cysteine 
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the rate formation the two metabolites 
indicate that two different enzyme systems which 
are affected similar manner several types 
inhibitors are involved, but more information 
the mechanisms the reactions required 
decide whether the metabolites are derived from 
common intermediate. 


SUMMARY 


The oxidation naphthalene 1-naphthol 
and 1:2-dihydro-1:2-dihydroxynaphthalene rat- 
liver microsomes the presence reduced tri- 
phosphopyridine nucleotide and oxygen appears 
involve two different enzyme systems. The system 
does not form 2-naphthol. 

pyrophosphate buffer, 7-4, the rate 
caffeine, and the rate formation 1:2-dihydro- 
1:2-dihydroxynaphthalene not altered. 8-1 
the rate formation 1:2-dihydro-1:2-dihydroxy- 
naphthalene also increased. 

2-amino-2-hydroxymethylpropane-1:3-diol 
buffer, 8-2, the rate formation both 
metabolites falls off after min., but the initial 
rate formation 1:2-dihydro-1:2-dihydroxy- 
naphthalene only maintained 2-5 
present. 

The formation both metabolites inhibited 
methylene blue, flavine mononucleotide and 
mercaptide-forming compounds but not metal- 
binding compounds. 
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Studies Detoxication 


THE METABOLISM PHENYLHYDRAZINE AND SOME PHENYLHYDRAZONES* 


Department Biochemistry, Mary’s Hospital Medical School, London, 


(Received March 1958) 


Phenylhydrazine was discovered Fischer (1875). 
highly toxic and Fischer himself soon became 
sensitized it, developing severe chronic 
eczema. Although phenylhydrazine haemo- 
poison, was used one time the treat- 
ment polycythaemia vera. 
hydrazine (Pyrodin Hydracetin), however, was 
later preferred the free base treatment, since 
was less toxic and had greater margin safety 
(see Whitby Britton, 1953). 

The metabolism phenylhydrazine mammals 
has not been investigated detail. Hoppe-Seyler 
(1885) and Lewin (1901) reported that, warm- 
blooded animals, was rapidly destroyed since its 
presence the blood urine could not demon- 
strated after its administration. 

the present work was possible demon- 
strate the isotope-dilution technique that 
phenylhydrazine was extensively transformed 
vivo. Its urinary metabolites appeared 
mainly conjugated p-hydroxyphenylhydrazine and 
the phenylhydrazones the natural keto acids. 


Part 76: Jondorf, Parke Williams (1958). 


Some the radioactivity the administered 
compound, however, remained the body for 
longer than days after dosing and this was 
largely found the erythrocytes. Observations 
have also been made the urinary excretion 
metabolites after the administration 
phenylhydrazine and pyruvic acid and «-oxo- 
glutaric acid 


MATERIALS AND METHODS 


All melting points are corrected. 

Animals. Chinchilla doe rabbits kept diet 
rat cubes (diet 41: Associated London Flour Millers) per day 
and water lib., were used. The 
hydrochloride, and the sodium 
salts pyruvic acid and «-oxo- 
glutaric acid were administered 
stomach tube subdermal injection 10% (w/v) 
aqueous solutions. Urine was collected daily. 

hydrochloride, m.p. 
(decomp.), specific activity was 
prepared 85% yield from randomly labelled 
standard method diazotization and reduction (see 
Gilman Blatt, 1948). This hydrochloride g.) water 


Vol. 


free 
and 
acet) 
tion 
speci 
addit 
aquec 
recry 
jut 
152° | 
mann 
Ot! 
stand 
(m.p. 
and 
208°). 
aceto: 
stable 
conve 
(m.p. 
acetic 
30° 
the 
30° 
1902). 
oxaloa 
water. 
m.p. 
excess 
Pheny 
hydraz 
1911). 
1898) 
hydraz 
pale-pi 
and att 
ful. 
derivat 
instead 
hydrazi 
tion 
tion 
urine, 
sulphor 
hydroel 
little 
purple 
(cf. the 


| 

| 

} 


day 
zine 
w/v) 


m.p. 
was 
iline 
(see 
rater 


Vol. 


(10 ml.) was treated with 40% (w/v) NaOH ml.) and the 
free base extracted with ether. The ether was evaporated 
and the residue treated with acetic anhydride (1 ml.). The 
m.p. 128° after recrystalliza- 
tion from hot water, was obtained 60% yield with 
hydrazone, m.p. 190°, was obtained 90% yield 
addition pyruvic acid sodium acetate-buffered 
aqueous solution phenylhydrazine hydrochloride. was 
recrystallized from ethanol and had specific activity 
152° (specific activity, 4-8 was prepared similar 
manner (Ingold, 1921). 

Other non-radioactive reference compounds, prepared 
standard methods, were glucosiduronic acid 
(m.p. 216°, 83° (Williams, 1943), the 
phenylhydrazones acetoacetic acid (decomp. 
and p-glucose m.p. 159°) and glucosazone (m.p. 
208°). The phenylhydrazones acetone, oxaloacetic acid, 
acetoacetic acid and acid were not sufficiently 
stable for isotopic dilution. The following derivatives were 
therefore made. Acetone phenylhydrazone (m.p. 38°) was 
converted 
(m.p. 138°) with potassium cyanate (Arnold, 1897). Oxalo- 
acetic acid phenylhydrazone (Fenton Jones, 1900) 
rapidly decomposes (Fenton, 1901) or, kept 
30° for several weeks, pyruvic acid phenylhydrazone. 
the presence acids (pH <3) rapidly converted even 
30° into 1-phenylpyrazol-5-one-3-carboxylic acid (Jones, 
1902). The latter, m.p. 255° (decomp.), was prepared 
adding aqueous phenylhydrazine hydrochloride aqueous 
oxaloacetic acid 30° and recrystallizing the product from 
water. 3-Methyl-1-phenylpyrazol-5-one, m.p. 127°, was 
prepared from ethyl acetoacetate and phenylhydrazine 
hydrochloride (Michael, 1892) and its 4-nitroso derivative, 
precipitate the nitroso derivative (Michaelis, 
acid, m.p. 
172°, was prepared refluxing «-oxoglutaric acid 
hydrazone for hr. (Wislicenus Waldmiiller, 
1911). 

p-Hydroxyphenylhydrazine hydrochloride (Altschul, 
1898) was obtained from potassium p-hydroxyphenyl- 
hydrazine N-sulphonate, m.p. 178° (Reisenegger, 1883), 
pale-pink which rapidly blackened air give 
product shown largely p-aminophenol hydrochloride. 
p-Hydroxyphenylhydrazine oxalate was similarly unstable, 
and attempts prepare the acetate and 4-dimethylamino- 
benzaldehyde 4’-hydroxyphenylhydrazone were unsuccess- 
ful. Owing their instability, p-hydroxyphenylhydrazine 
derivatives were unsatisfactory for isotopic dilution; 
instead, the facile decomposition p-hydroxyphenyl- 
hydrazine into p-aminophenol, which proceeds to comple- 
tion warming acid solution, was used the identifica- 
tion and determination p-hydroxyphenylhydrazine 
When potassium p-hydroxyphenylhydrazine 
sulphonate freshly prepared p-hydroxyphenylhydrazine 
little naphtharesorcinol, the solution turns intense 
purple colour, which only slightly extractable ether 
(cf. the naphtharesorcinol test for acid). 
addition alkali the colour turns cherry 
red. This test appears test for 
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hydrazine and not given p-aminophenol 
hydrazine. 

Analytical methods. acid and ethereal sul- 
phates urine were determined the methods Paul 
(1951; see Mead, Smith Williams, 1958) and Sperber 
(1948) respectively. 

Measurement radioactivity. All measurements were 
carried out solid liquid samples ‘infinite thickness’ 
with end-window counter. The specific activities were 
methacrylate) reference source (Radiochemical Centre, 
Amersham), and suificient counts to give a standard error 
<+2% were taken. 

Urine and tissues. The total radioactivity the urine was 
measured directly, after evaporation dryness 
planchets under infrared lamps. The radioactivity the 
faeces, stomach and intestinal contents and spleen was 
measured after homogenization the materials with water. 
Blood was collected heparin and the radioactivity was 
measured directly. The activity the erythrocytes was 
determined after haemolysis and drying. 


comparison 


Chromatography 


Paper chromatography. The solvent system which most 
effectively achieved separation the phenylhydrazones, 
aminophenols, acetylphenylhydrazine 
azine was diisopropyl ether saturated with water. Descend- 
ing chromatograms were run for hr. Whatman no. 
no. papers. The metabolites were detected reducing 
spots after spraying the chromatograms with ammoniacal 
fluorescent spots u.v. light (254 my) after 
spraying with salicylaldehyde reagent (see Table 1), 
the quenching the background fluorescence the 
paper. addition radioautographs were made placing 
the chromatograms radioactive material contact with 
X-ray film light-proof cassettes for days. 

Zone electrophoresis. The phenylhydrazones keto acids 
were also separated electrophoresis Whatman no. 
(see separation 2:4-dinitrophenylhydrazones 
keto acids Neish, 1953). hr. 1-phenylpyrazol-5-one- 
acid, and the phenylhydrazones pyruvic 
acid, acid and oxaloacetic acid, travelled 7-3, 
7-6, 13-4 and 13-5 cm. respectively towards the anode. 


methods 


For the estimations metabolites isotopic dilution, 
urines were collected from each rabbit for hr. The 
volumes used depended the substance 
estimated. 

‘Free’ phenylhydrazine. Phenylhydrazine hydrochloride 
(500 mg.) was dissolved portion the urine 40° and 
kept for hr. equilibrate. The solution was then adjusted 
and the phenylhydrazine extracted with ether. 
After washing with water the extract was evaporated 
dryness and the residue treated with few drops 
HCl. The phenylhydrazine hydrochloride obtained was re- 
crystallized from water constant specific activity (m.p 
and mixed m.p. decomp.). 

‘Total’ phenylhydrazine. Phenylhydrazine hydrochloride 
(500 mg.) was added portion the urine, which was 
then refluxed for hr. with 0-5 vol. HCl. After 
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cooling, the procedure adopted was identical with that for and the phenylhydrazones transferred The 
‘free’ phenylhydrazine. alkaline solutions were then made slightly acid with 
Acetylphenylhydrazine. Acetylphenylhydrazine (500 mg.) and extracted with ether. These extracts were washed with 
was dissolved portion the urine slight warming. water and evaporated dryness, and the residual 
The solution was kept for hr. and then extracted with recrystallized from aqueous ethanol constant 
chloroform. The extract was washed with water,evaporated radioactivity (m.p. and mixed m.p. 190° and 152 
dryness and the residue repeatedly recrystallized from pyruvic acid and «-oxoglutaric acid phenylhydrazones 
water until its specific activity became insignificant (m.p. some cases (see Table the «-oxoglutaric 
and mixed m.p. 128°). acid phenylhydrazone was refluxed convert 
portion urine, dissolved warming 40°, and which was recrystallized from ethanol constant 
keeping for hr. the solution was extracted with ether. The specific radioactivity (m.p. and mixed m.p. 172°). 
extract was washed with water, evaporated dryness and Confirmation the identity and isotopic purity the 
the residue recrystallized from 10% (v/v) aqueous ethanol acid and acid 
until its specific radioactivity became insignificant (m.p. were obtained paper chromatography 


and mixed m.p. 208°). and zone electrophoresis. paper, the 
Glucose phenylhydrazone. The «-form acid gave single radio- 


hydrazone (500 mg.) was dissolved urine. After 4hr. spot 0-86), and zone electrophoresis showed 
was extracted the preceding paragraph. The residue mobility and colour reactions identical with those 
glucose phenylhydrazone was recrystallized from pyruvic acid phenylhydrazone. Similarly, the 
until its specific radioactivity became insignificant acid gave single 
and mixed m.p. 159°). radioactive spot 0-95) chromatography and, zone 
Acetone Acetone phenylhydrazone electrophoresis, had mobility and colour reactions 
(500 mg.) dissolved ml. ether was shaken with with those authentic material. 
portion the urine for 0-5 hr. equilibrate. The ethereal acid phenylhydrazone. This phenylhydrazone 
layer was separated, and washed with water, mg.) dissolved was added portion 
water again, dried over Na,SO, and evaporated dryness. urine, which was then acidified with and warmed 
The residue was dissolved HCl and convert the phenylhydrazone into 
0-2 powdered KOCN was added. The product acid. cooling the solution the 
semicarbazide was triturated acid separated and was filtered off, re- 
with water and removed filtration and recrystallized dissolved treated with charcoal and repre- 
from ethanol constant specific activity (m.p. and mixed acidifying with This process was re- 
m.p. 138°). peated and the acid was finally re- 
Phenylhydrazones pyruvic acid and acid. from water and ethanol until the specific radio- 
These phenylhydrazones (300-500 mg.) were added was constant (m.p. and mixed m.p. 255° decomp.). 
separate portions the urine and dissolved adjusting experiments were also carried out 
with After 4hr. the solutions were manner after addition 1-phenylpyrazol-5-one-3- 
adjusted with and continuously extracted acid dissolved portions the 
with ether for hr. The extracts were washed with water 


Table values and colour reactions paper possible metabolites phenylhydrazine 


Descending chromatography Whatman no. paper. solvent ether saturated with water) values are 
after and solvent (butan-2-one saturated with water) values are after hr. Quenching the background 


Colour reactions 


Ammoniacal Fluorescence* with 
AgNO, Fluorescence salicylaldehyde 

Phenylhydrazine 0-05 Brown 
n-Acetylphenylhydrazine 0-23 
p-Phenylenediamine 0-18 Brown 
0-01 
o-Aminophenol Brown Yellow 
m-Aminophenol 0-60 Brown Yellow 
p-Aminophenol 0-40 Brown Yellow 
Glucose phenylhydrazone 0-00 Brown 
Glucosazone 0-00 
Pyruvic acid phenylhydrazone 0-86 0-96 Brown 
acid phenylhydrazone 0-95 0-93 Brown 
Oxaloacetic acid phenylhydrazone 0-78 0-90 Brown 
1-Phenylpyrazol-5-one-3-carboxylic acid 0-38 colour Blue 
0-86 Brown 
Acetone phenylhydrazone 0-96 Brown 


light after treatment with ethanolic salicylaldehyde containing 0-05 vol. acetic acid. 


Vol. 
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3-Methyl-1-phenylpyrazol-5-one. The phenylhydrazone 
acetoacetic acid unknown and would probably decom- 
pose spontaneously give acetone phenylhydrazone 
loss CO, 3-methyl-1-phenylpyrazol-5-one loss 
added portion the urine. After acidification with 
vol. the urine was cooled and treated 
with excess (w/v) aqueous solution NaNO,. 
The formed was 
then extracted with ether. The extract was washed with 
water and the nitrosophenylpyrazolone was transferred 
2n-NaOH; addition precipitated the nitroso- 
phenylpyrazolone, which was filtered off, washed with 
water and recrystallized from acetic acid toluene 
constant specific activity (m.p. and mixed m.p. 154°). 

Aminophenols. The and p-aminophenols were 
determined the procedure Parke (1956). The ON- 
derivatives and p-aminophenols (m.p. 
and mixed m.p. 183°, 153° and 237° respectively) and the 
corresponding and p-acetamidophenols (m.p. and 
mixed m.p. 207°, 149° and 169° respectively) were re- 
from ethanol and aqueous ethanol constant 
specific activity until the radioactivity was insignificant. 
Under these conditions p-hydroxyphenylhydrazine and its 
conjugates were converted into p-aminophenol. 

p-Phenylenediamine. solution p-phenylenediamine 
(200 mg.) water ml.) was added portion the 
urine, which was then refluxed for hr. with 0-5 vol. 
conc. HCl. After cooling, the solution was adjusted 
with and extracted into ether. Evapora- 
tion the ether gave residue p-phenylenediamine, 
which was dissolved water ml.), filtered, and acetylated 
with acetic anhydride The 
phenylenediamine was filtered off, washed with water and 
recrystallized from aqueous ethanol until the radio- 
activity became insignificant (m.p. and mixed m.p. 116°). 

p-Aminophenylglucuronide. 
uronic acid (380 mg.) was dissolved urine with slight 
warming and left for The glucuronide was then re- 
isolated from the urine via the basic lead salt (Williams, 
1943) and recrystallized from water until the specific radio- 
activity became insignificant. 

Phenols. Phenol and quinol were determined the 
method Parke Williams (1953). 

phenylhydrazone’. sample this compound 
was probably obtained Snell (1944) the addition 
phenylhydrazine neutral solution oxidized pyrid- 
oxine, but melting point elementary analysis was 
quoted. This compound was required for isotopic-dilution 
experiments, but were unable obtain sample which 
gave satisfactory analysis, since appeared change 
when attempts were made purify it. Samples the 
compound were prepared follows: Commercial pyridoxal 
hydrochloride (0-5 g.; Light and Co.) and sodium acetate 
g.) were dissolved water (20 ml.). This solution was 
added solution phenylhydrazine hydrochloride 
g.) and sodium acetate (0-5 g.) water (20 
mixing the solutions yellow precipitate formed im- 
mediately. This was filtered off and washed with water until 
free chloride. was purified dissolving ethanol 
and precipitating with water room temperature. The 
precipitated material consisted minute yellow needles, 
and two the best samples had decomposition points 216° 
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samples turned pink keeping daylight, but became 
yellow again the dark. The compound was soluble 
acids, alkalis, ethanol and methanol, less soluble ethyl 
acetate, acetone and ether and insoluble water. 
recrystallization from hot ethanol, formed yellow needles 
(decomp. 212°) with higher carbon value (Found: 

Proof that our compound contained both pyridoxal and 
phenylhydrazine was obtained spectroscopically (cf. the 
study pyridoxal N-dimethylglycylhydrazone Vis- 
contini, Ebnéther Karrer, 1951). ‘Pyridoxal 
hydrazone’ 0-1 showed maximum light-absorption 
251, 338 and 410 with 000, 6000 and 000 
respectively. After heating under reflux for hr. 
(100 mg. ml.), these maxima are replaced two 
new absorption peaks 224 and 288 (with 200 
and 800), which correspond the maxima phenyl- 
hydrazine hydrochloride and pyridoxal hydrochloride 
respectively (see Fig. 1). Phenylhydrazine hydrochloride 
showed maxima 224 and 280 8300 
and 1000) [Donovick, Rake Fried (1946) give 230, 
275 and 300 with 5200, 1500 and 500 for 
hydrazine very dilute acetic acid] and pyridoxal 
had 288 with 9000 [Viscontini al. 
(1951) give and That the 
extinctions the peaks the hydrolysis product are 
correct for mixture phenylhydrazine and pyridoxal 
equimolecular proportions shown Table 

When ‘pyridoxal phenylhydrazone’ was acetylated 
appeared give diacetyl derivative. The pyridoxal 
phenylhydrazone sample decomposing 218° g.) was 
dissolved (10 ml.), cooled and treated with 
acetic anhydride ml.). The solution became acid almost 
immediately and was made alkaline with and 
further 0-5 ml. acetic anhydride added. After min. 
the solution was made alkaline with 2N-NaOH and 
yellow precipitate separated (0-5 g.). The acetyl derivative 
was recrystallized from aqueous ethanol and formed fine 
yellow needles, m.p. 165° (Found: 61-6; 5-7; 12-5. 


max. 


Wavelength (mz) 


Fig. Spectra pyridoxal phenylhydrazone 
HCl and the acid hydrolysis product 
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Table Molecular extinction coefficients pyridoxal, phenylhydrazine 
and hydrolysed pyridoxal phenylhydrazone 


Pyridoxal hydrochloride alone 200 9000) 

Pyridoxal and phenylhydrazine 800 200 

hydrochlorides* together solution 
Hydrolysis product pyridoxal 200 800 


phenylhydrazone 


Equimolecular proportions. 


amount pyridoxal was acetylated 
this manner, and from measurement the specific 
activity the product was deduced that two acetyl 
groups had been introduced. Further crystallizations 
this compound appear decompose it, since several yellow 
products different melting point were obtained. 

appeared that neither pyridoxal phenylhydrazone nor 
its acetyl derivative was stable enough for isotope-dilution 
procedures, and although they were both used the presence 
pyridoxal phenylhydrazone the urine rabbits dosed 
with phenylhydrazine could not proved unequivocally. 


Isolation and detection metabolites. 
From phenylhydrazine 


The urine rabbits dosed with phenylhydrazine hydro- 
chloride orally (50 mg./kg.) was dark brown colour, had 
about reduced Benedict’s reagent with only slight 
warming, and gave strongly positive naphtharesorcinol 
reaction for glucuronic acid 
azine, the latter being detected the observation that the 
aqueous layer the naphtharesorcinol test was deep- 
purple colour which turned red with NaOH. The urine also 
gave positive benzidine reaction (modified) for blood 
pigments but contained intact erythrocytes. 

Two-thirds the hr. urine two rabbits dosed with 
total 200 mg. hydrochloride 
was adjusted and continuously extracted with 
ether for hr. The extract was evaporated and sample 
the residue chromatographed paper (Whatman no. 
with wet diisopropyl ether. Radioautography revealed 
four radioactive spots 0-30, 0-38, 0-86 and 0-95). The 
main spot elution gave positive naphtha- 
tests for glucuronic acid and 
hydrazine, and was presumably the glucuronide 
hydroxyphenylhydrazine. The minor spots 0-86 
and 0-95) were treated with ammoniacal silver nitrate; the 
first one yellow spot slowly turning brown) was not 
identified and the second and third (black) corresponded 
with pyruvic acid phenylhydrazone and «-oxoglutaric acid 
phenylhydrazone respectively. 

The other third the urine was refluxed with 0-5 vol. 
for hr. and then extracted (with NaOH 
for neutralizing) then with ether hr. continuous 
extraction). The two extracts were evaporated and chro- 
matographed above. Both gave the same results. 
Radioautography revealed two radioactive spots 0-05 
and 0-40) and colour reactions showed the former 
correspond with phenylhydrazine, derived decomposi- 
tion phenylhydrazones, and the latter with p-amino- 
phenol, derived decomposition 
hydrazine and its glucuronide. Attempts isolate the 
glucuronide were unsuccessful. 


Isolation the phenylhydrazones. The hr. urine 
rabbits dosed with total phenylhydrazine 
hydrochloride was divided. one half was added pyruvic 
acid (20 mg.) and, the other, 
acid (20 mg.), each dis- 
with were continuously extracted with ether for 
hr., whereby and 90% the 
spectively were extracted. Both extracts were treated 
follows. The carboxylic acids the extract were trans- 
ferred N-NaHCO, (25 ml.), which was then made acid 
(with 2N-HCl) and re-extracted with ether 
This second ethereal extract contained about 72% the 
original radioactivity about 3-5 solid material. The 
whole this material was chromatographed 
band Whatman no. paper with butan-2-one saturated 
with water solvent (see Table 1). The keto acid phenyl- 
hydrazones this solvent) were allowed 
run off the paper and the eluate was evaporated room 
temperature. The residue acetone was again chromato- 
graphed the same way, that the keto acid 
hydrazones were separated from 2-3 non-radioactive 
material. this way 1-1 material containing 50% 
the added radioactivity was obtained. This was dissolved 
acetone and chromatographed horizontal band 
Whatman no. paper with water-saturated diisopropyl 
ether. The radioactivity was found broad yellow band 
which was cut out and eluted with acetone. 
The acetone was evaporated room temperature, and the 
residue dissolved ml. aq. 2N-NH, and filtered off. 
Aqueous AgNO, (10 ml. 2%, w/v) was added the 
filtrate, which was then adjusted dropwise 
addition N-H,SO,. The precipitated silver salts were 
rapidly centrifuged, washed with water, ethanol and ether 
and then suspended water (10 ml.). The suspension was 
acidified few drops and extracted with 
ether. The extract (0-25 solid and 21% the radio- 
activity) was concentrated and chromatographed paper 
with wet diisopropyl ether. drying, benzoic acid 
crystallized the paper and was brushed off. The keto 
acid phenylhydrazones formed yellow band 
0-95). This was cut out and eluted with acetone and the 
chromatography repeated, yield material 
(12% the radioactivity), which was submitted zone 
electrophoresis. The phenylhydrazones pyruvic acid and 
acid just separated, and the pyruvic acid 
band one experiment and the acid band 
the other were cut out and eluted with 0-05N-Na,CO,. The 
eluates were acidified with 2N-H,SO, and extracted with 
ether. The extracts the two phenylhydrazones were sub- 
mitted second electrophoresis and the elution and 
extraction repeated. Finally, the first experiment mg. 
crude pyruvie acid phenylhydrazone (7% added 
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radioactivity) was obtained, which repeated recrystal- 
lization yielded 1-9 mg. pure material, m.p. and 
mixed m.p. 189°. The activity this suggested that 
the dose unlabelled phenylhydrazine was 
excreted the pyruvic acid derivative. another 
experiment which tracer was used, 
pyruvic acid phenylhydrazone (m.p. and mixed m.p. 189°) 
was isolated after feeding total 2-2 unlabelled 
phenylhydrazine hydrochloride rabbits. With 
acid phenylhydrazone the pure material was 
not isolated. 

p-Aminophenol. urine contained p-hydroxyphenyl- 
hydrazine and its conjugate, acid hydrolysis should yield 
p-aminophenol. The residual urine and residues from the 
separation the phenylhydrazones above (equivalent 
feeding phenylhydrazine) were refluxed for hr. with 
equal volume cone. HCl. The urine was cooled and 
adjusted 8-5 addition solid Na,CO, and con- 
tinuously extracted with ether. The ethereal extract 
(50 ml.) was washed with water (20 ml.) and extracted 
with ml. The acid extracts were adjusted 
addition 2N-NaOH and extracted with 
ether. Evaporation the ethereal extracts 
and benzoylation the residue yielded crystalline 
material. The alkaline aqueous layer was then quickly 
adjusted 8-5 and extracted with ml. ether. 
The ethereal extract was shaken with ml. and 
the acid layer benzoylated the addition 0-5 ml. 
benzoy! chloride the presence excess 2N-NaOH. 
The benzoylated mixture was poured into water and the 
small amount solid material which separated was 
removed filtration. Recrystallization from aqueous 
ethanol eventually gave p-aminophenol ON-dibenzoate, 
m.p. and mixed m.p. 235°. 


From pyruvic acid and «-oxoglutaric 
acid 


After oral administration. The urine from rabbits receiving 
pyruvic acid orally dose level 
mg./kg. was normal colour, had 8-9, reduced 
Benedict’s reagent warming and gave 
positive naphtharesorcinol reaction for glucuronic acid and 
for p-hydroxyphenylhydrazine. 

Two rabbits were each given pyruvic acid 
phenylhydrazone orally and the urines were collected for 
days and added that obtained from the rabbit which 
had received 0-15 pyruvic acid 
The bulked urines were adjusted with acetic acid 
and continuously extracted with ether for hr. Evapora- 
tion the ethereal extract gave radioactive gum which 
was dissolved ml. 50% (v/v) aqueous ethanol. The 
ethanolic solution was extracted with ether, 
ethereal extract was washed with water and the ether 
removed evaporation. The ethanolic residue after 
treatment with charcoal gave crystalline product 
(19mg.), which after recrystallization from 
ethanol had m.p. and mixed m.p. with authentic 
acid phenylhydrazone. 

ethereal extract the pyruvic acid phenylhydrazone urine 
(at revealed radioactive spots with values 0-28 
(p-hydroxyphenylhydrazine glucuronide), 0-34 (unidenti- 
fied), 0-83 acid phenylhydrazone) and 0-93 


aqueous 
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acid phenylhydrazone). 
glutaric acid phenylhydrazone urine gave radioactive 
spots with values 0-28, 0-35, 0-54 (unidentified), 0-85 
and 0-95. 

After injection. The urines from rabbits receiving 
acid (30 mg./kg.) and 
acid (50 mg./kg.) subdermal in- 


jection were normal colour, had reduced 
reagent slightly prolonged boiling, and gave 
weakly positive naphtharesorcinol reaction for glucuronic 
acid and negative reaction for p-hydroxyphenylhydr- 
ethereal extract pyruvic acid phenylhydrazone urine 
(pH gave radioactive spots with values 0-84 (pyruvic 
acid phenylhydrazone) and 0-95 acid 
hydrazone) and present amounts about 
spectively. Similarly, the urine from 
acid phenylhydrazone gave radioactive 
spots with values 0-34, 0-54 (unidentified), 0-85 
acid phenylhydrazone) and 0-95 acid 
hydrazone) the ratio about 1:1:5:25 respectively. 
Paper electrophoresis revealed only bands each case, 


rabbits receiving 


these moving the same rates acid and 
acid phenylhydrazones. significant that 
the spot due p-hydroxyphenylhydrazine glucuronide 
0-28) was absent both cases. 


RESULTS 

The distribution radioactivity the tissues and 
excreta two rabbits days after single oral 
dose 50mg. hydro- 
chloride/kg. shown Table Although not all 
the tissues were examined because the low 
specific activity the compound administered, 
were able account for 75% the dose. About 
60% the dose was eliminated from the body, 
mainly the urine. The rest was probably still 
the body, some the alimentary tract, but about 
was found the erythrocytes. The large 
amount radioactivity associated with the ery- 
throcytes (possibly present phenylhydrazone) 
considerable interest view the known 
action phenylhydrazine the red cell and the 
production the light-refracting granules called 
Heinz bodies. 

Table gives the results experiments which 
the excretion radioactivity has been followed for 
four days, and one case for days. About one- 
third the radioactivity excreted the urine 
the first hr.; thereafter, radioactivity slowly 
eliminated and continues for least days. The 
results for the animal which was kept for days 
are shown Fig. and this particular animal 
about the dose has appeared the urine 
that time. 

The quantitative aspects the excretion 
metabolites were examined during days four 
animals and the results are shown Table 
far could ascertain with the radioactivity 
available, there were three main metabolites 
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Fig. Excretion radioactivity the urine rabbit 
which received oral dose (50 mg./kg.) 
hydrazine hydrochloride. Daily excretion; total 
excretion. 


Table Distribution radioactivity rabbits 
receiving hydrochloride orally 


Dose phenylhydrazine hydrochloride, mg./kg. 


Radioactivity found 
days after dosing 
dose) 
Expt. 


Material analysed Expt. 


(Dose radioactivity) (0-9 (1-1 
Erythrocytes 
Plasma <i <i 
Spleen 0-8 1-0 
Stomach contents 3-6 
Intestinal contents 
Caecum contents 
Faeces 1-7* 
Urine 58-8 
Total 


The small activity the faeces probably due 
contamination with urine. 


Table Urinary excretion radioactivity rabbits 
dosed with hydrochloride 


Dose phenylhydrazine hydrochloride; mg./kg. 
Average figures: the ranges are given parentheses and 
the superior figures indicate the number animals. 


Radioactivity 


Day after found urine 


dosing dose) 
8-5 
4-5 
1-5 
6-10 

Total 

Total for days 


Table Urinary metabolites 
hydrazine hydrochloride 


Dose phenylhydrazine hydrochloride, 
orally; dose radioactivity per rabbit. Urine 
was collected for days after dosing and the metabolites 
were determined isotope dilution. The figures quoted 
are the mean values for experiments for the main meta- 
bolites and experiments for the others. The figures 
parentheses give the ranges values and the superior 
figures the number experiments. Zero values mean less 
than 0-05 the dose, except for oxaloacetic acid 
hydrazone, phenol and quinol, where they mean less than 
the dose. 

Found 

dose) 

17-2 
8-5 
6-5)? 

11-8 (11-3, 


Metabolites examined 


p-Hydroxyphenylhydrazine* 
acid phenylhydrazone 
acid phenylhydrazone 


12-3 
Acetone phenylhydrazone 0-2 
Pyridoxal phenylhydrazone§ 
Oxaloacetic acid phenylhydrazone 
Glucose phenylhydrazone 
Glucosazone Two deter- 
Acetylphenylhydrazine minations 
Phenol each 
Quinol 
o-Aminophenol 
m-Aminophenol 
p-Aminophenylglucuronide 
p-Phenylenediamine 

Sum metabolites 

Total radioactivity urine 38-8 


Determined p-aminophenol (see text). 

Artifacts arising from the hydrolysis phenylhydr- 
azones. 

Determined 

See text. 


Table Urinary excretion the metabolites 
phenylhydrazine 
Dose acetylphenylhydrazine, mg./kg. Metabolites 
excreted days after dosing were measured isotope 
dilution. 


Amount 
Metabolite excreted dose) 
p-Hydroxyphenylhydrazine 13-8 
Acetylphenylhydrazine 
Pyruvic acid phenylhydrazone 1-4 
Sum above metabolites 
Total radioactivity 


phenylhydrazine. The major one was conjugated 
p-hydroxyphenylhydrazine, which, 
dilution, accounted for about the dose. The 
conjugate probably glucuronide, shown 
paper chromatography. Quantitative determina- 
tions glucuronide and ethereal sulphate excretion 
showed that, after mg./kg. oral dose phenyl- 
hydrazine hydrochloride, there was increase 
glucuronic acid excretion corresponding 
the dose (range three experiments, and 
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the dose (range The other urinary 
metabolites were the phenylhydrazones the 
keto acids, pyruvic acid and acid. 
Together these accounted for about the 
dose, there being somewhat more the pyruvic 
acid derivative than the other. determination 
the ‘total’ phenylhydrazine the urine amounted 
about and this should roughly equal the 
amount keto acid phenylhydrazones 
appeared probable that traces other phenyl- 
hydrazones occurred the urine, e.g. 
acid, acetone and pyridoxal, but were unable 
prove this unequivocally. The sum (about 31%) 
p-hydroxyphenylhydrazine and acid and 
acid phenylhydrazones not far 
short the total radioactivity the urine (about 
39%) excreted two days. 

Phenylhydrazine could decompose aniline and 
benzene, but probable that this does not 
occur vivo, since none the metabolites (e.g. 
phenol and aminophenols) these decomposition 
products were found the urine (see Table 5). 

Table shows the result one experiment with 
acetylphenylhydrazine. appears probable that 
converted into the same metabolites phenyl- 
hydrazine. Table 5shows that acetylphenylhydrazine 
probably not metabolite phenylhydrazine. 

Table shows the results experiments which 
the two phenylhydrazone metabolites 
hydrazine were administered. When given orally, 
pyruvic acid phenylhydrazone partly decom- 
posed, since about one-third excreted 
p-hydroxyphenylhydrazine, the main metabolite 
phenylhydrazine itself. About one-third the 
hydrazone apparently excreted such, but 
partly converted into acid 
hydrazone. When injected intradermally, however, 
largely excreted unchanged. These results 
suggest that pyruvic acid phenylhydrazone 
partly converted the gut into free 
hydrazine, which then mainly hydroxylated and 
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partly combined with «-oxoglutaric acid and 
pyruvic acid. The two experiments with «-oxo- 
glutaric acid phenylhydrazone (Table suggest 
that its fate similar that the pyruvic acid 
derivative. During these experiments observed 
that acid phenylhydrazone was less toxic 
than phenylhydrazine, for oral doses 180 mg./kg. 
this phenylhydrazone were well tolerated five 
rabbits, whereas ten rabbits which had received 
mg. phenylhydrazine hydrochloride/kg. orally 
died within hr. dosing. 


Phenylhydrazine and erythrocytes 


The erythrocytes from 100 ml. human blood 
(citrated; group negative), suspended 
ml. physiological saline, were incubated 


Vv 
a 


Time (min.) 
Specific activity the erythrocytes; specific 
activity the supernatant solution. 


Metabolites were measured isotope dilution. oral administration; administered subdermal injection; n.m., 


not measured. 


Compound administered 


Dose hydrazone (mg./kg.) 


Duration experiment (days) 


Metabolites 
p-Hydroxyphenylhydrazine 
Pyruvic acid phenylhydrazone 
acid phenylhydrazone 
Sum above metabolites 
Total radioactivity urine 


phenylhydrazone 


acid 


acid 
phenylhydrazone 


0-1 0-6 0-1 0-7 
Percentage dose excreted urine 
n.m. <0-2 
6 7 12 65 
(37) 100 (24) 
99 93 105 89 
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phenylhydrazine saline. The suspension was 
continuously shaken, and samples ml.) were 
removed intervals The erythrocytes 
were deposited from the samples centrifuging 
and the activities these unwashed cells 
and the supernatant were determined. From 
Fig. can seen that the phenylhydrazine 
taken rapidly the erythrocytes and that 
equilibrium reached After this time 
the specific activity the erythrocytes becomes 
greater than that the supernatant 
After lhr., 50% the 
erythrocytes have been haemolysed the 
specific activities the cells and supernatant are 
again equilibrium. 


haemolysis increases. 
and 


DISCUSSION 


The results the present experiments show that 
the main metabolic reactions phenylhydrazine 
the rabbit consist (1) hydroxylation the 
aromatic ring, probably followed conjugation 
with aniline (Smith Williams, 1949), and 
(2) phenylhydrazone formation with the natural keto 
acids. The excretory products found were con- 
jugated p-hydrazinophenol, most 
glucuronide, pyruvic acid phenylhydrazone and 
acid phenylhydrazone. Together 


probably the 


these metabolites account for about 90% the 
material excreted during two days after dosing, 
which amounts one-third the dose. 

Acetylation phenylhydrazine did not occur, 
although has been claimed Scevola (1953) that 
phenylhydrazine acetylated yeast. Acetyl- 
phenylhydrazine itself when fed rabbits appears 
give rise the same metabolites phenyl- 
hydrazine and presumably first deacetylated. 

Beaven White (1954) have reported that, the 
presence oxygen and both 
phenylhydrazine and its acetyl derivative give rise 
benzene. this occurred vivo, then the main 
metabolites benzene, i.e. phenol and quinol, 
could expected the urine (Parke Williams, 
However, neither these compounds was 
labelled with and can concluded that, 
phenylhydrazine oxidized benzene vivo, 
occurs only very small extent. 

Aniline decomposition product phenyl- 
hydrazine, but there was evidence such 
decomposition vivo, since and p-aminophenols, 
the metabolites aniline the rabbit (Smith 
Williams, 1949; Parke Williams, 1956), were not 
found. Phenylhydrazine could isomerize 
phenylenediamine, but found evidence for 
this reaction vivo. 

The formation the the 
keto acids considerable interest since pyruvic 
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acid phenylhydrazone was subsequently found 
much less toxic than phenylhydrazine. Their 
formation presumably non-enzymic 
occurs pure solution room temperature 
mixing the ingredients. phenylhydrazone 
tion also involved pyridoxal, could explain some 
the toxic effects phenylhydrazine being 
removal pyridoxal from the body and pro- 
ducing deficiency. fact, Williams Abdulian 
(1956) have shown that, man and animals, 
certain hydrazides (e.g. semicarbazide, 
acid hydrazide) produce convulsions which can 
prevented pyridoxine. Pyridoxine been 
used prevent neuritis patients receiving high 
doses acid hydrazide (Biehl Vilter, 
1954). 

The phenylhydrazones pyruvic acid and 
acid are metabolically inert when in- 
jected and are rapidly excreted such. When given 
mouth, however, they give rise p-hydroxy- 
phenylhydrazine and presumably they are partly 
hydrolysed free phenylhydrazine the gut (see 
Table 7). 

Phenylhydrazine not readily removed from the 
body and only about 60% mg./kg. dose 
days. Much the 
remaining the body associated with the red 
compound, probably attaches itself firmly 


eliminated material 


Since phenylhydrazine highly reactive 


structures containing suitable groupings such 
aldehyde and keto groups. This suggests that the 
red cells are rich such structures and that, once the 
phenylhydrazine combines with the cell, remains 
there until the cell destroyed. Since the 
labelled phenylhydrazine was rapidly incorporated, 
the red cell kind phenylhydrazone. 


SUMMARY 


hydrochloride admin- 
istered orally rabbits doses mg./kg. 
slowly metabolized. days 50% the dose 
excreted the urine, the rest being found the 
body, particularly the erythrocytes There 
slow excretion radioactivity for least days 
after dosing, and this time the excreted radio- 
activity accounts for about 60% the dose. 

The principal urinary metabolites have been 
identified p-hydrazinophenol (17%), probably 
present the glucuronide, acid 
hydrazone and acid 
hydrazone (5-2 %). Traces the phenylhydrazones 
acetone, pyridoxal and acetoacetic acid may also 
present the urine. 

The phenylhydrazones acid and 
acid are less toxic than phenylhydr- 


azine and when administered are quickly excreted. 
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jected, excreted the urine largely such 
(93%) but partly acid 
hydrazone (7%). When administered orally 
hydrolysed the gut and excreted the urine 
conjugated p-hydroxyphenylhydrazine (33%) to- 
gether with the phenylhydrazones pyruvic acid 
(31%) and acid (5%). Similar 
results were obtained with acid 

istered orally rabbits, slowly 
metabolites and days about the dose 
found the urine conjugated 
hydrazine (14%), unchanged acetylphenylhydr- 
azine and acid phenylhydrazone 
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The Phosphorus into Fractions Escherichia coli 
made Centrifuging and Chemical Means 


Microbiological Research Establishment (Ministry Supply), Porton, Wiltshire 


(Received October 1957) 


Experiments described earlier (Wade Morgan, 
1957) suggested that the increase ribonucleic 
acid concentration which occurs resting cells 
Escherichia coli, when they are inoculated into 
fresh medium and start growing and dividing 
rapidly, does not represent general increase all 
ribonucleic acid-containing constituents but 
increase fraction which sediments 000 

100 000 was postulated that the ‘additional 
ribonucleic acid’ which develops has some role 
cell division deoxyribonucleic acid synthesis and 
the term ribonucleic acid’ was applied 
distinguish from other ribonucleic acid 
constituents (‘constitutional ribonucleic acid’), the 
concentrations which remain constant. 


Sedimentation fractionation cannot provide un- 
equivocal proof for the existence biologically 
ribonucleic acid constituents since changes 
their states aggregation may occur during the 
transition from the resting the dividing state. 
The marked influence magnesium upon the aggre- 
gation acid (Mallette Lamanna, 
1954) may importance this connexion for 
equivalent sedimentation fractions resting cells 
and dividing cells have different ratios magnesium 
concentration ribonucleic acid concentration 
(Wade Morgan, 1957). Other evidence required 
confirm the heterogeneity the ribonucleic acid 
this bacterium and the individuality the 
‘fluctuating ribonucleic acid’ its dividing cells. 
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Much information the metabolism ribo- 
acid has been gained recently from studies 
with radioactive tracers, which has proved 
particularly useful. metazoan cells, for example, 
there now abundant evidence that phosphorus 
incorporated different rates into the ribonucleic 
acid the nucleus and cytoplasm (Marshak 
Calvet, 1949; Jeener Szafarz, 1950; Barnum 
Huseby, 1950; Smellie, MacIndoe, Logan 
Davidson, 1953; Elson, Trent Chargaff, 1955), 
and into other sedimentation fractions the cell 
(Jeener, 1949; Hultin, Slautterback Wessel, 
1951; Smellie al. 1953; Tyner, Heidelberger 
LePage, 1953). 

Such successful demonstrations heterogeneity 
the ribonucleic acid other cells 
the application similar methods the study 
coli. Experiments were therefore designed 
determine whether not the ribonucleic acid 
sedimentation fractions obtained from rapidly 
dividing cells differed significantly among them- 
selves their rates phosphorus incorporation 
and examine the suggestion (Wade Morgan, 
1957) that ‘fluctuating ribonucleic acid’ pre- 
eursor deoxyribonucleic acid. The opportunity 
was also taken observe the incorporation 
phosphorus into other cell constituents, since the 
method isolating nucleic acid phosphorus 
facilitated it. 

This paper describes these experiments and their 
results. 


MATERIALS AND METHODS 


Cultural conditions. Escherichia coli (NCTC 1100) was 
cultured 25° the casein medium 
(CCY) Gladstone Fildes (1940) from which the sodium 
glycerophosphate had been omitted. The distribution 
phosphorus between constituents the medium set out 
Table the concentration only orthophosphate 
decreases during growth. volume CCY 
aspirator was aerated with air/min. through 
P27 Aerox ceramic cylinder (Aerox Ltd., England), 
diam. and 10cm. long. Silicone Antifoam 
(Hopkin and Williams Ltd., England) was added reduce 
foaming. 

Determination cell growth. The medium was inoculated 
with bacteria from fully grown culture and growth was 
followed determining the optical densities samples 
withdrawn from the culture regular intervals. Each 
sample was treated with 40% (w/v) formaldehyde soln. 
final conen. (w/v) and diluted with CCY which had 


Table 


Constituent 
Yeast extract 
Acid casein hydrolysate 
casein hydrolysate 
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been similarly treated. The optical density, within the 
range was measured em. cells the Hilger 
Spekker absorptiometer with filter 

Incorporation preliminary experiment the 
incorporation was followed CCY culture 37°. 
amount (4-5 mc) carrier-free (The Radiochemical 
Centre, Amersham, Bucks.) was added during the phase 
maximum growth and division rate and the culture was 
harvested later. This period exposure was 
equivalent about one-half the generation time. The 
differences observed between the specific activities 
ribonucleic acid (RNA) phosphorus the sedimentation 
fractions the cells were too small yield useful informa- 
tion. was necessary reduce the period exposure 
smaller fraction the generation time. The culture, 
however, took about min. harvest completely and 
little improvement would have resulted from reduction 
the period growth before harvesting. earlier investi- 
gation (Wade, 1952) had shown that the high concentration 
RNA dividing cells independent the temperature 
growth. the two experiments described this report 
therefore the temperature growth was reduced 25° and 
the period exposure about one-fifth the generation 
time. 

The progress each culture was followed point 
approaching the end the phase maximum growth and 
division rate, when was added (Fig. 3). After 
growth for further min. (Expt. min. (Expt. 
the culture was cooled passing through stainless- 
steel coils refrigerated ethanol bath. The cells 
sedimented from the cooled culture Laval con- 
tinuous centrifuge and washed twice with vol. 
2-5° and sedimented refrigerated 
centrifuge 0°. 

The assessment possible damage brought about the 
intensity the radioactivity was considered unnecessary 
appears that much higher levels are necessary bring 
about detectable changes coli (Lea, Haines Bretscher, 
1941; Schmidt, 1948; Deysine Bonet-Maury, 1951; 
Nishiwaki, Kawai Furukubo, 1953). 

Method disintegration. Previously (Wade Morgan, 
1957) bacterial cells were disrupted either shaking with 
glass beads (Mickle, 1948) exposing them ultrasonic 
vibrations. The method Hughes (1951) was more suitable 
because its lower working temperature, speed and con- 
venience. The sedimentation ‘fluctuating RNA’ was not 
influenced the method disintegration. 

Approximately wet wt. cells was cooled about 
20° Hughes press and pressure applied means 
fly press (Norton no. deep-throat press). was 
found that the cells were disrupted. 

Sedimentation fractionation. Each cell disintegrate was 
fractionated two sedimentations (Fig. 1). The results 
similar fractionations previous study (Wade Morgan, 
1957) provided justification for separating particulate 


Origin phosphates casein hydrolysates—yeast medium 


Other phosphates 
(mg. P/ml. 
medium) 


Orthophosphate 
(mg. P/ml. 
medium) 


0-069 0-050 
0-0196 0-0144 
0-0068 0-0082 
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constituents the cell which sediment when centrifuged 
000 for hr.; this step was therefore omitted. The two 
fractions into which these constituents were originally 
divided (fractions and RII) are present fraction 
the present study. 

The cell disintegrate (10 wet wt.) was made 
100 ml. with and ml. this suspen- 
sion (Fig. 1D) retained for phosphate analysis. the 
remainder, ml. was centrifuged Spinco model 
centrifuge (no. rotor) average centrifugal force 
000 for hr. 0°. Since conditions centrifuging 
this stage are not critical, the same speed and time used 
before were maintained, although previously no. rotor 
had been used (Wade Morgan, 1957). The deposit was 
made the original volume (66 ml.) with 
(Fig. RI). The supernatant was also made this 
volume and then centrifuged average centrifugal force 
000 for either 7-5 hr. (Expt. (Expt. 2). 
The supernatant and deposit obtained were made the 
original volume and provided fractions SII and RII 
respectively (Fig. 1). 

Expt. the conditions for sedimentation fraction 
RII were those calculated sediment the ‘fluctuating 
the cell; conditions used successfully for this 
purpose the previous study were adjusted accom- 
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modate differences between the Performance Indices the 
rotors used (Spinco Technical Handbook). That the adjust- 
ment was successful shown the similar distributions 
RNA between equivalent fractions. the earlier paper 
RNA was distributed between ‘RI+RII’, and 
the ratio 15:74:11; this paper distributed 
between RI, and SII the ratio 14:78:8. 

The unfractionated disintegrate (D) and the three 
fractions (RI, RII and SII) were stored during 
the interval between sedimentation and chemical fraction- 
ations. 

Chemical fractionation. The chemical fractionations the 
fractions obtained sedimentation were carried out 
duplicate (Tables and duplicates and scheme 
(Fig. based upon that Schmidt Thannhauser (1945). 

fraction were delivered separately into cm. 1-5 cm. 
centrifuge tubes and treated with equal volumes 10% 
(w/v) trichloroacetic acid soln. After min. the 
precipitate each tube was sedimented bench centri- 
fuge 4000 for min. and the supernatant poured into 
ml. measuring cylinder. The deposit was resuspended 
ml. trichloroacetic acid soln. and sedi- 
mented centrifuging. was further extracted once with 


ml. trichloroacetic acid soln. and twice with ml. 


Disintegrate (D) 


Centrifuged 000 for hr. 


Deposit 


Supernatant 


Centrifuged 000 for 7-5 hr. (Expt. 


Deposit 


Supernatant 


Fig. Fractionation disintegrates. 


Disintegrate fraction 


Extracted with trichloroacetic acid soln. 


Residue 


Treated with magnesia mixture and 


centrifuged 


Deposit 
(Orthophosphate 
Extracted with ethanol, 
mixture and ether 


Residue 


Hydrolysed with 37°, 


Supernatant 
(Non-orthophosphate, acid-soluble 


Extract 


(Phospholipid 


treated with trichloroacetic acid and centrifuged 


Deposit 
(DNA 


Supernatant 


Treated with magnesia mixture and centrifuged 


Deposit 
(Protein 


Fig. 


Supernatant 


(RNA 
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water; the extracts were added the first supernatant. 
The solution acid-soluble phosphates obtained this 
way was treated with magnesia mixture (LePage, 1945) 
precipitate orthophosphate. sample ml.) the solu- 
tion was treated with drop (w/v) phenolphthalein 
soln. and sufficient aq. NH, soln. (sp.gr. 0-88) turn the 
solution pink and then 0-5 ml. aq. NH, soln. and 0-2 ml. 
magnesia mixture were added and the mixture was 
allowed stand for room temperature. The 
precipitate was sedimented for min. and the 
supernatant (Fig. non-orthophosphate, acid-soluble 
drained thoroughly into dry ml. measuring cylinder. 
The residual liquid which remained the tube was removed 
with filter paper and the deposit was taken into ml. 
(Fig. orthophosphate P). 

The residue from each extraction with trichloroacetic 
acid was taken into ml. ethanol and sedimented 
4000 for min. room temperature. The supernatant 
was poured into ml. measuring cylinder and the deposit 
extracted twice with ml. ethanol-ethyl ether (3:1) 
60° for min. and twice with 2-5 ml. ethyl ether room 
The extracts were added the initial ethanol 
extract, providing solution phospholipids (Fig. 
phospholipid P). 

The residues were air-dried and treated with ml. 
37° for hr. hydrolyse the RNA and 
phosphoproteins acid-soluble phosphates. Trichloro- 
acetic acid soln. ml. 15%) was added each hydroly- 
sate and centrifuged 4000g for min. The 
supernatant was poured into ml. measuring cylinder 
and the deposit extracted twice with ml. trichloro- 
acetic acid soln. the extracts obtained were added 
the initial supernatant. This solution ml. sample) was 
treated with magnesia mixture the manner described 
earlier for the precipitation orthophosphate from the 
first trichloroacetic acid extract. The orthophosphate pre- 
cipitated from the NaOH hydrolysate originated from 
protein phosphorus (Fig. protein and the remaining 
phosphates from the RNA phosphorus (Fig. RNA P). 

The residual acid-insoluble material contained deoxy- 
ribonucleic acid (DNA) phosphorus. 
suspended water, and dissolved the addition 
the minimum quantity N-NaOH and made ml. 
with water (Fig. DNA P). 

Chemical determinations. Phosphorus and nitrogen con- 


Each residue was 


centrations were determined triplicate the colori- 
metric methods King (1951) with Hilger Spekker 
absorptiometer. The distributions phosphorus and the 
fiducial limits each mean are set out Table Where 
triplicate readings were identical these limits were derived 
from the sensitivity the instrument, which was regarded 
+0-002 and occupying four standard deviations. 

Expt. attempts were made establish the purity 
the DNA fraction determining the extinction co- 
efficients trichloroacetic acid hydrolysates (Logan, 
Mannell Rossiter, 1952). volume each 
fraction, containing about phosphorus, was made 
ml. with trichloroacetic acid soln. final concen- 
tration (w/v) the acid. The suspension was sealed 
glass tube and placed water bath 90° for min., 
and cooled and then recovered. The insoluble residue which 
remained after this treatment and which accounted for 
about 10% the total phosphorus was sedimented 
centrifuging and the extinction coefficient was calculated 
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from the phosphorus concentration and the extinction 


the supernatant 268-5 measured Unicam spectro- 
photometer (Cambridge Instruments Ltd., Cambridge, 
England). 

Paper ionophoresis. The methods 
were used for the examination RNA (Wade Morgan, 
1953, were also prepared with 
Ilford Industrial X-ray film. 

Determination radioactivity. The radioactivities the 
phosphorus fractions were measured liquid counter 
Century Electronics Ltd., type M6H). the 
phospholipid fractions had densities considerably lower 
than that water corrections were applied 
activities with experimentally obtained graph (Barnes 
Salley, 1943). 


RESULTS 


growing their maximum rate were exposed 
4-5 and then harvested (Fig. 3). The 
distribution 
between acid-insoluble phosphates 
fractionated cells (Tables and suggests that 
similar rates incorporation occur into phospho- 


incorporated phosphorus 


proteins and nucleic acids, and that higher rate 
incorporation occurs into phospholipids. More pro- 
nounced differences were revealed, however, 
examination sedimentation fractions (Fig. 
Table RI, and 

Although the duplicates for phospholipids are 
poor, clear that the rate incorporation into 


9° 
Nw 


Extinction 


OQ 
=a 


0-05 


Time (hr.) 


ichia coli. Each culture was treated with the time 
indicated arrow and harvested min. (Expt. 
min. (Expt. later. Untreated culture; 
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Table Distribution phosphorus between chemical fractions disintegrate 
and three sedimentation fractions Escherichia coli 


Fractionation the whole disintegrate (D) into sedimentation fractions RI, RIL and SII described Fig. The 
95% fiducial limits each mean are given parentheses. 


Non-orthophosphate, 
Orthophosphate acid-soluble phosphorus Phospholipid phosphorus 
sedimentation cell nitrogen) cell nitrogen) 

2-53 16-7 0-07)* 0-99)* 


0-025)* 
0-042) 


1-42 
0-44) 


0-063)* 1-26 2-28 (+0-202) 


0-027 


Disintegrate Protein phosphorus RNA phosphorus DN: phosphorus 


Fiducial limits were derived from sensitivity (see text for full details). 


Table Specific activities phosphorus fractions disintegrate 
and three sedimentation fractions Escherichia coli 


tionation the whole disintegrate (D) into sedimentation fractions RI, and SII described Fig. The 
95% fiducial limits each mean are given parentheses. 


Non-orthophosphate, 
Orthophosphate acid-soluble phosphorus Phospholipid phosphorus 
1041 (+12) 521 (+13) 9-7 95-7 


Protein phosphorus RNA phosphorus DNA phosphorus 
Disintegrate phosphorus) phosphorus) phosphorus) 
fraction Expt. Expt. Expt. Expt. Expt. Expt. 
216 (+31) 315 68-2 328 95-7 
219 25-6 224 (4: 29-1 176 93-8 
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this fraction decreases the particle size decreases. 
similar pattern incorporation into phospho- 
protein occurs but not into the nucleic acids 
(Table 3). RNA the rate incorporation de- 
creases the order RI, SII, RII; DNA the 
highest rate incorporation occurs and low 
similar rates incorporation into RII and SII. 
The ionophoresis alkaline hydrolysates RNA 
different sedimentation fractions did not reveal 
the presence any phosphates other than the 
ribonucleotides expected, suggesting that the 
differences observed between the specific activities 
RNA fractions were not the result contami- 
nation. closer examination the DNA fractions, 
however, did suggest this likely explanation for 
the differences between DNA the one hand 
and and SII the other. The extinction 
values acid hydrolysates the DNA 
fractions (Fig. were 2490, 8530 and 9380 RI, 
RII and SII respectively compared with 9850 for 
thymus DNA (Logan al. 1952), suggesting that 
the DNA fraction heavily contaminated 
with phosphate which exhibits faster rate 
incorporation than the authentic DNA RIT and 
SII. 

Expt. provided the evidence RNA hetero- 
geneity coli that was sought and also yielded 
the information that, all the RNA fractions, the 
RNA the sedimentation fraction which contains 
the ‘fluctuating RNA’ (Expt. exhibits the 
lowest rate incorporation. the possibility 
that ‘fluctuating RNA’ direct precursor 
DNA (Wade Morgan, 1957), the specific activity 
the authentic DNA and the lowest 
all the nucleic acid fractions this experiment, 
but too similar that RNA RIT make 
this relationship likely. 

Experiment the second experiment the 
chemical analysis was widened include acid- 
soluble phosphates and the period exposure 
and the sedimentation fractionation were 
changed slightly order obtain further informa- 
tion the heterogeneity the nucleic acids. 

Expt. demonstrated the presence and 
RII acid-soluble phosphates with lower specific 
activities than the bulk these phosphates 
(Tables and 3). The orthophosphate could 
have arisen from labile, highly charged phosphates 
such polyphosphates adsorbed chemic- 
ally bound these sedimentation fractions. This 
possibility particular interest view the 
metachromatism exhibited similar sedimenta- 
tion fraction reported previously (Wade Morgan, 
1957). The low activity non-orthophos- 
phate, acid-soluble (Fig. and RII 
suggests that these fractions may contain degrada- 
tion products less-active acid-insoluble phos- 
phates. 
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The distributions phospholipid and phospho- 


protein differed from those observed the first 
experiment (Table ways which could not 


explained differences the sedimentation 
fractionation (Fig. 1). These discrepancies probably 


arise from the very low concentrations some 
the sedimentation fractions. The pattern phos- 
phorus incorporation into phospholipid the other 
hand similar the two experiments (Table 3). 

The alteration made the sedimentation frac- 
tionation this experiment (Fig. resulted the 
lighter constituents sedimenting fraction RII 
Expt. passing instead into SII. The influence 
this change upon the relative activities 
nucleic acids provides interesting information 
the heterogeneity RNA the sedimentation 
fraction which contains the ‘fluctuating RNA’ 
(Expt. fraction RII). Whereas Expt. the 
specific activity RNA greater than the 
mean specific activity the authentic DNA 
RII and Expt. significantly lower. 
This suggests that, all the nucleic acid fractions, 
the heavier RNA particles fraction Expt. 
exhibit the lowest rate phosphorus incorporation, 
not the authentic DNA deduced previously from 
this experiment. 

common with the previous experiment, the 
specific activity phosphoprotein higher 
than RII (Table 3); the reliability these 
data, however, seriously undermined the 
dissimilar estimates phosphoprotein concentra- 
tion and the unsatisfactory accounts 
its distribution between sedimentation fractions 
(Table 2). 


DISCUSSION 


Chemical fractionation employed the analysis 
biological materials sometimes unsatisfactory 
when applied the determination specific 
activity tracer studies since small amount 
contamination can lead erroneous conclusions. 
The nucleic acid fractions the Schmidt 
Thannhauser fractionation (Fig. are particularly 


susceptible such contamination and this possi- 


bility must considered. 


There good evidence that two established con- 


taminants the RNA phosphorus fraction (Fig. 2), 
metaphosphate (Juni, Kamen, Reiner Spiegel- 
man, 1948) and polyglycerophosphate (Mitchell 
Moyle, are absent from coli (Duguid, 
Smith Wilkinson, 1954; Mitchell Moyle, 1954). 
The absence these and other contaminants 
confirmed paper ionophoresis, also the 
low specific activity protein phosphorus, which 
testifies the satisfactory removal acid-soluble 
phosphates (Fig. 2). The examination the DNA 
phosphorus fraction, the other hand, did reveal 
contamination (Fig. 1). 
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Another possible source error the presence 
unlabelled organic phosphates the medium 
(Table 1). The interpretation the results not 
complicated this, however, since the total con- 
centration remains constant during growth. 
probable therefore that the estimates nucleic 
acid specific activities, with the exception DNA 
RI, are reliable. 

Much has been published the incorporation 
into living cells which have not been subjected 
sedimentation fractionation, and interesting 
comparisons can made with the results obtained 
from the unfractionated disintegrate coli 
(Fig. D). most living cells, the phospholipid 
phosphorus fraction (Fig. has higher specific 
activity than the nucleic acids (Table D). 
most tissues (Brown Roll, 1955), and Micro- 
coccus pyogenes (Mitchell Moyle, 1953), the rate 
incorporation into RNA greater than into DNA. 
The reverse relationship coli (Table 
the result the contamination DNA 
with more highly active phosphate. 
The authentic DNA the lighter fractions the 
cell has lower specific activity than the bulk 
the RNA. 

The presence acid-soluble phosphates with 
low specific activity the particulate fractions 
(Tables and has been reported also liver cells 
(Johnson Albert, 1953) and may general 
occurrence. 

The distribution phospholipids (Table 
reveals their close association with the large 
particles the disintegrated cell. The absence 
evidence that particles this size exist the 
cell coli (Bradfield, 1956) suggests that 
this fraction may originate entirely from the cell 
wall and plasma membrane the living cell. The 
different patterns distribution reported other 
studies micro-organisms not conflict with this 
interpretation. The relatively low content phos- 
pholipid particulate fractions 
pyogenes (Mitchell Moyle, can ex- 
plained the low lipid concentration the cell 
walls Gram-positive species (Salton, 1956), 
which this species one. The low phospholipid 
content large particulate fraction coli 
reported Billen Volkin (1954) can explained 
the removal the cell wall and plasma mem- 
branes cell debris before sedimentation fraction- 
ation. The high specific activity phospholipids 
large particles the disintegrates the cell 
(Table 3), the high rate turnover its phos- 
phorus resting bacteria (Mitchell Moyle, 1953) 
and the reported impermeability the plasma 
membrane orthophosphate ions (Mitchell 
Moyle, 1956) suggest that part this phosphate 
may process transport through the cell wall 
and plasma membrane. 
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Although both experiments suggest that in- 
corporation into protein phosphorus takes place 
more rapidly into than into RII, the 
data this phosphate are not very reliable 
(Tables and 3), conclusion reached also 
Barnum Huseby (1950), and not merit further 
attention. 

The incorporation into the RNA sedi- 
mentation fractions has been studied mainly 
cells with established intracellular organizations. 
detailed comparison these results with those 
from coli would doubtful value. clear, 
however, that common with more highly organ- 


ized cells coli contains RNA constituents 


widely different metabolic activities (Table and 
that, all the RNA fractions obtained sedi- 
mentation, particulate fraction (Table Expt. 
RII) exhibits the lowest rate phosphorus in- 
corporation. recent study phage infection 
this bacterium affords closer comparison with 
these results. Volkin Astrachan (1956), studying 


the incorporation into the nucleic acids 


two particulate fractions and (similar 
and Expt. and soluble fraction 
(similar SII) T2r+infected coli, observed 
that the specific activities decreased the order 
P,, The similar relationship found un- 


infected cells (Table suggests that the pattern 


incorporation they observed not feature the 
infection process but the result normal meta- 
bolism continuing for short period after the in- 
fection has taken place. 

The contamination the DNA the DNA 
phosphorus fraction with other phosphates has 
been reported previously (Sherratt Thomas, 
1953; Juni al. 1948), but their distribution among 
sedimentation fractions has not been pursued. The 
location the bulk the authentic DNA 
agreement with observations made Schach- 
man, Pardee Stanier (1952) and Alexander 
Wilson (1955), and also with the sedimentation 
coefficients published Peacocke Schachman 
(1954). 

The different rates phosphorus incorporation 
exhibited RNA different sedimentation 
fractions growing and dividing coli provides 
good evidence that these RNA fractions are com- 
posed cell constituents which have individuality 
vivo and are not artifacts produced the 
random segregation otherwise homogeneous 


RNA. This supports the broad differentiation 


RNA dividing cells into ‘constitutional RNA’ 
and ‘fluctuating RNA’ based previously upon the 
different sedimentation behaviour 
RNA resting cells the one hand and 
dividing cells the other (Wade Morgan, 1957). 
The results, however, provide evidence that the 
‘fluctuating RNA’ plays some part the division 
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process (Wade Morgan, 1957). The suggestion 
the similar specific activities the nucleic acid 
fractions concerned. The inability demonstrate 
this relationship cannot attributed wide 
differences rates phosphorus turnover for 
there ample evidence that these are very low 
the nucleic acids growing micro-organisms. 
Whatever other relationship may exist between the 
‘fluctuating RNA’ and the division process 
unlikely that the bulk the phosphorus becomes 
incorporated into DNA. 


SUMMARY 


Growing cells Escherichia coli were exposed 
to 32 >( ),° 
time, and disintegrated and fractionated into 
heavy particulate fraction light particulate 
fraction (RII) and soluble fraction (SII). The 
unfractionated disintegrate and its three fractions 
were then chemically fractionated the Schmidt 
Thannhauser (1945) method and the specific 
activities these fractions determined. 

the acid-insoluble phosphates the un- 
fractionated disintegrate the highest rate in- 
corporation into the phospholipids and the 
lowest into ribonucleic acid. When account taken 
fraction heavy, more highly active contami- 
nant, however, deoxyribonucleic acid observed 
exhibit the lowest rate incorporation. 

Interesting differences exist between the 
sedimentation fractions. Acid-soluble phosphates 
with high specific activities are located mainly 
The concentration and specific activity 
phospholipid decreases the particle size de- 


for about one-fifth their generation 


presence 


creases. The rate incorporation into ribonucleic 
acid highest and lowest RII. Authentic 
acid with low specific activity 
located mainly SII. all the nucleic acid 
fractions examined, the lowest rate phosphorus 
incorporation into ribonucleic acid constituent 

The results confirm the heterogeneity 
ribonucleic acid suggested previously its stain- 
ing properties and its sedimentation behaviour 
but not furnish evidence that ‘fluctuating 
ribonucleic acid’ precursor deoxyribonucleic 
acid. 
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The Synthesis Bilirubin Glucuronide Animal and Human Liver 
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system conjugating various alcohols and acids 
with glucuronic acid has been described Storey 
Dutton (1955) and Dutton (1956). 
liver microsomes and requires uridine diphosphate 
glucuronic acid. Isselbacher (1956) has shown that 
steroid glucuronides are formed similar manner. 
The finding that bilirubin excreted gluc- 
uronide (Billing, Cole Lathe, 1957; Schmid, 1957) 
raises the question whether conjugation 
effected the same system. This problem was 
examined order throw light the reduced 
capacity new-born infants (Billing, Cole Lathe, 
1954) and Gunn’s strain jaundiced rats 
(Malloy Lowenstein, 1940) excrete bilirubin. 
preliminary report this work has already been 
given (Lathe Walker, 1957). 


METHODS AND MATERIALS 


Preliminary examination rat bile. 300g. rat was 
anaesthetized with Nembutal and the bile duct was can- 
nulated described Billing Weinbren (1956). Bile 
was collected into graduated pipette. After 
collection control samples bile, bilirubin was injected 
into the femoral vein. Over period min. 3-8 ml. 
0-2% solution bilirubin 0-5% and 
NaCl soln. was given. Bile was collected continuously 
samples which accumulated 3-10 min., while 
the secretion pigment rose and fell again. Total and 
conjugated bilirubin and glucuronic acid were estimated 
each sample. 

Materials. o-Aminophenol was resublimed before use. 
The was ox-liver preparation (Ketodase) 
from Warner-Chilcott Laboratories, New York. solution 
bilirubin (British Drug Houses Ltd. and Hoffman 
was prepared dissolving mg. minimum 
amount soln. (about with 
stirring. solution (see below) 
ml.) was added and mixed, and the solution was 


centrifuged remove any material not solution; 
calcium was not included this solution, precipitated 
bilirubin. 

The uridine diphosphate glucuronic acid (UDPgluc- 
uronic acid) concentrate was prepared modification 
the method Storey Dutton (1955) from boiled extract 
rabbit liver, precipitation with acetone acid solu- 
tion. The precipitate was dried vacuo over and was 
stored small ampoules sealed vacuo. 

Analytical techniques. The conjugated bilirubin incu- 
bation media was estimated the direct diazo reaction. 
Test and control (without diazo solution) values were ob- 
tained, and the difference gave the amount 
conjugated pigment. This was determined before and 
after incubation. 

ml. medium in. in. test tube was added 
0-5 ml. freshly prepared diazo reagent (10 ml. 
sulphanilic acid plus 0-3 ml. 0-5% NaNO, 
soln.). control tube was set with ml. medium and 
0-5 ml. After min. 0-1 ml. ascorbic 
acid soln. was added the test neutralize the diazonium 
chloride, the tubes being inverted ensure mixing; 
0-1 ml. water was added the control. After min. 
0-1 ml. saturated soln. and ml. ethanol 
were added and the tubes were mixed inversion. The 
tubes were placed 12° for min. and then centrifuged 
for min. 2000 The supernatant was read spectro- 
photometer (Unicam SP. 500) solution 
red sodium acetate buffer, 4-63, was used 
standard (Haslewood King, 1937). 

experiments with suspensions samples were pipetted 
directly into the diazo reagent used for the estimation 
conjugated bilirubin, and allowed react for only min. 
before the addition ascorbic acid. was established 
Lathe Ruthven (1958) that the reaction the direct 
pigment was almost complete within this period. 

Total and conjugated bilirubin bile were estimated 
the method Lathe Ruthven (1958). acid 
was estimated bile according Fishman Green (1955). 

o-Aminophenyl glucuronide was estimated the 
method Levvy Storey (1949). 
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Preparation tissue. Wistar rats were used except where 
otherwise stated. Rats the Gunn strain (Gunn, 1938, 
1944) were bred from specimens supplied Lucey, 
Burlington, Vermont. Other animals were obtained com- 
mercially. All animals were fed. Rabbits, rats, mice and 
guinea pigs were killed decapitation and the livers were 
placed immediately the incubation medium (for 
slices) ice (for suspensions). Monkeys, immature 
Macaca mulatia weighing kg., were anaesthetized with 
mg. pentobarbital given into the thorax about 
min. before operation. They were breathing when the 
livers were removed. Dog livers were removed after the 
animal had been rapidly (within about min.) exsangui- 
nated under cyclopentane anaesthesia. Cat livers were 
obtained from animals that had been anaesthetized with 
sodium pentobarbitone for 4hr., during which other physio- 
logical experiments had been carried out. After these 
experiments the pulse, temperature and respiration were 
normal and the livers capable conjugating bilirubin well. 

Liver slices were cut hand with razor blade. Sus- 
Elvehjem glass homogenizer with ml. alkaline KCl 
soln. described Dutton Storey (1954). some 
cases the suspensions were fractionated differential 
centrifuging described Dutton (1956). The ‘nuclear’ 
fraction was obtained spinning 700g for min., 
were sedimented 5000 for min. and 
000 for min. The temperature was 
throughout. 

Incubation media. solution was 
1-2 and The solution was gassed 
with (95:5) for min. 

For standard liver-slice experiments with 
2-5 ml. medium was prepared from 2-1 ml. 
bicarbonate solution, 0-36 ml. serum and 0-036 ml. 
bilirubin solution. The final concentrations serum and 
bilirubin were (v/v) and 0-0146 (w/v) respectively. 
For liver-slice experiments with o-aminophenol, MgSO, 
the solution was replaced MgCl, 
and glucose was omitted. The concentration serum was 
14-6% (v/v). The was added aqueous 
solution with ascorbic acid, Levvy 
Storey (1949). ml. water mg. o-aminophenol 
and mg. ascorbic acid were dissolved. approx. 
the medium was obtained taking 
0-2 ml. this solution 2-5 ml. medium. Anthranilic 
acid mm) used liver-slice experiments was 
added aqueous solution. 

all experiments with suspensions the concentrations 
bilirubin and serum the mixture after addition the 
suspension were (w/v) and 24% (v/v) respectively. 
aqueous solution was used 
give the incubation mixture for 
some liver-suspension experiments. final concentration 
0-04M-potassium phosphate buffer, 7-4, and 
MgCl, was used all liver-suspension experiments, 
following Dutton Storey (1954) their work 
phenol conjugation. The lower concentrations 
phenol (0-2 mm) were obtained dilution the solution 
containing ascorbic acid described above for liver-slice 
experiments. crude preparation UDPglucuronic acid 
was added (10 mg. ml. incubation mixture). Larger 
amounts this gave increase rates conjugation. 
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Incubation. This was carried out ml. conical flasks 
water bath 37°. The time from killing the animal 
the commencement incubation was about 
Controls were done quadruplicate, specimens serum 
duplicate. Liver slices (180-220 mg.) were added 2-5 ml. 
cold medium. The gas phase was flushed with about 0-7 
CO, (95:5) sec. The flasks were stoppered and 
incubated for with shaking. After incubation the 
medium was centrifuged free from tissue. 

experiments with liver suspensions the time from 
killing the animal the commencement incubation was 
about min. except with the monkey, when the liver was 
kept ice for 2hr. volume ml.) suspension was 
added medium. Control estimations con- 
jugated bilirubin were done before incubation. Flasks were 
incubated for min. with constant shaking, the gas phase 
being air. The rate reaction was linear over this period. 
Estimations were done without removing the tissue. 

Oxygen consumption. Liver slices were examined the 
Warburg technique, phosphate medium with the usual 
addition serum, and gas phase pure being used; 
CO, was absorbed 20% (w/v) KOH soln. the central 
well. 

Identification the product formed 
experiments. The final ethanolic solution (about 500 ml.) 
from the determination conjugated bilirubin 100 
experiments with liver slices was brought 5-5 with 
After evaporation under reduced pressure 
about 120 ml. the mixture was saturated with 
when ethanol layer containing the pigment rose che 
surface. This layer was separated and evaporated until the 
pigment began precipitate, when was extracted with 
and the solvent was evaporated. The pigment, 
dissolved minimum the mobile phase, was chromato- 
graphed column silicone-treated kieselguhr with the 
solvent system described Billing (1954). The more 
polar pigment was collected came off the column with 
the leading edge. The eluate ml.) was incubated for hr. 
37° with 0-5 ml. (2500 units) and 


RESULTS 


Nature the bilirubin excretion product the rat. 
After the intravenous injection bilirubin into 
rat the concentration both bilirubin and 
uronic acid the bile rose. The molar ratio the 
increments glucuronic acid and bilirubin varied, 
and the most concentrated specimen was 
Almost all the bile pigment rat bile gave the 
direct van den Bergh reaction. The maximum rate 
The polar azo pigment obtained from experiments 
with rat-liver slices was changed non-polar azo 
pigment treatment with and 
the values the azo pigments agreed with those 
the corresponding azo pigments human bile 
(Billing, 1954). 

Optimum conditions for bilirubin conjugation 
rat-liver slices. Rat-liver slices incubated phos- 
solution 
but without serum, conjugated the pigment very 
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rubin). Bilirubin was largely precipitated and 
adhered lipid droplets. The addition serum, 
for the proteins which bilirubin has strong 
affinity, the rate conjugation. The 
highest rate conjugation was obtained with 
concentrations The effect 
varying salt concentrations was not examined 
detail. Sulphate (0-12 mm) did not affect the rate 
conjugation, which was, however, reduced 
higher concentrations magnesium. 

Male rat-liver slices conjugated bilirubin equally 
well when incubated fresh pooled male rat sera, 
frozen pooled male rat sera, fresh human male sera 
pooled frozen dehydrated (and reconstituted) 
human male sera. Pooled human male sera stored 
—12° were used further experiments. Sera 
from pregnant women, placental blood, new-born 
infants and domestic animals gave lower rates 
conjugation (Lathe Walker, 1958). Livers from 
male and female rats gave the same rates con- 
jugation. 

Optimum conditions for bilirubin conjugation 
rat-liver suspensions. The addition 
uronic acid the crude preparation/5 ml. 
medium) rat-liver suspensions increased the rate 
conjugation from about wet 
liver/hr. The optimum final concentrations bili- 
rubin and serum, the presence added UDP- 
glucuronic acid, were and 
(v/v) respectively. number experiments the 
the mixture was varied. Conjugation was 
greatest final 6-6. The medium adopted 
had 6-4 after the addition the tissue 
suspension. After incubation with the liver sus- 
pension was 6-7. The optimum concentration 
bilirubin for conjugation with slices suspensions 
was the same range for rats and mice. 

Optimum conditions for conjuga- 
tion. acid was essential obtain 
maximal rates conjugation mouse-liver sus- 
pensions. The optimum concentration 
phenol for conjugation was determined for slices 
and suspensions (extra UDPglucuronic acid being 
added) rat, mouse, rabbit and human livers 
(Table 1). The presence serum did not affect the 
rate o-aminophenol conjugation. The optimum 
concentrations for conjugation monkey, cat and 
dog liver were not determined. 

studies. Attempts were made 
inhibit the conjugation bilirubin the addition 
other substrates for glucuronide conjugation. 
Anthranilic acid caused inhibi- 
tion bilirubin glucuronide formation rat-liver 
slices incubated with 0-25 Bilirubin 
conjugation was inhibited relatively high con- 
centrations liver slices rat 
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Table Optimum concentration 
for conjugation liver slices and suspensions 


Liver slices mg.) were incubated for 
containing (v/v) serum. Suspensions ml. 
10% (w/v) suspension] were incubated for min. 
medium containing 24% (v/v) serum, 0-2 ml. 
potassium phosphate buffer, 0-1 ml. 
and 5mg. UDPglucuronic acid final volume 
start incubation was 6-4. Conditions are 
described the section methods. 


Conen. 


Animal Slices Suspensions 
Rat 
Mouse 1-5 0-2 
Rabbit 2°5 0-5 
Human (premature) 1-0 0-3 


conjugation mouse-liver suspensions 


Conditions are described the section methods. 
Bilirubin was 0-41 w/v), serum 24% (v/v). 
Additions buffer, MgCl, and UDPglucuronic acid were 


Conen. conjugation 


liver/hr.) 
273 
0-05 192 
0-10 120 
0-20 
0-50 30 89 
1-00 


mM), rabbit and low concentra- 
tions suspensions mouse liver (Table 2). 
Bilirubin failed inhibit o-aminophenol conjuga- 
tion mouse-liver suspensions when 0-20—0-48 
bilirubin was added the presence 
optimum for this substrate alone. 

Saccharolactone specific and powerful 
inhibitor was added liver 
suspensions from young animals. The addition 
produced significant change 
glucuronide formation the new-born and adult 
mouse, bilirubin glucuronide formation the 
new-born human young rabbit (Table 3). One 
experiment this type with adult rabbit-liver 
suspensions showed increase the yield con- 
jugated bilirubin, but this was not confirmed 
repetition. 

Intracellular location the bilirubin-conjugating 
system. Cell fractions were separated from three 
liver suspensions alkaline KCl soln. and two 
suspensions sucrose. The activity was fairly 

45-2 
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evenly distributed between the particulate fractions 
but none remained the high-speed supernatant. 
the nuclear and mitochondrial fractions had not 
been washed and respun possible that the 
activity was due contamination with micro- 
somes. These were probably not contaminated with 
other fractions. 
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Premature human infants. The livers three 
premature human infants were examined for their 
capacity conjugate bilirubin. The conjugation 
o-aminophenol was examined one. Precautions 
were taken preserve the enzyme activity during 
the period between death and incubation. case 
no. the abdomen was packed ice and the liver 


removed within min. death. the other two 
cases the liver was removed iced medium min. 
after death. far could determined death 
infants no. and no. occurred quickly but was 


Comparative studies conjugation. Some obser- 
vations the rates bilirubin and 
conjugation liver slices and suspensions from 
different animals are given Table 


Table Effect uridine diphosphate glucuronic acid and saccharolactone conjugation bilirubin 
and liver suspensions under standard conditions 


Concentrations bilirubin and serum were Table other constituents medium were Table Conditions 
are given the section methods. Each horizontal line figures the result experiment done duplicate 
single adult animal, single litter baby mice comprising animals. UDPGlucuronic acid was added con- 


Rate conjugation 


wet liver/hr.) 


With 
With 
Without acid and 
Substrate Animal Age supplement acid saccharolactone 
Rat, Wistar Adult 140 400 
Rat, Gunn Adult 
(homozygous) 
Guinea pig Adult 120 
Rabbit Adult 123 
Rabbit Adult 183 187 177 
Rabbit Adult 159 138 153 
Rabbit Adult 168 198 201 
Mouse days 288 
Mouse Adult 108 288 


Table Conjugation bilirubin and liver preparations 


Bilirubin conjugation was determined under conditions which were optimum for the rat and mouse. Concentrations 
o-aminophenol for rat, mouse, rabbit and new-born human liver preparations are given Table for dog-, cat- and 
monkey-liver slices and suspensions mM-o-aminophenol was used. UDPglucuronic acid was added the experiments 
with suspensions. Figures parentheses represent numbers animals. Other figures are aglycone conjugated/g. 
wet liver/hr. 


Bilirubin o-Aminophenol 
Animal Slices Suspension Slices Suspension 
Rat, Wistar (34) 439 (13) 176 (4) (3) 
Rat, Gunn, homozygous (2) (1) (1) (1) 
Rat, Gunn, heterozygous 100 (1) (1) 
Monkey (Macaca mulatta) (15) (1) (1) (1) 
Human, premature (3) (1) (1) 
Mouse (1) 336 (4) 104 (1) (3) 
Rabbit, adult (10) 115 (5) 412 (1) 190 (1) 
Rabbit, age week (1) (1) 
Rabbit, age weeks (1) (1) 316 (1) 192 (1) 
Guinea pig (6) 120 (1) 
Dog (3) (3) 195 (3) 
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Table Observations livers premature human infants 


Slices and suspensions liver were examined the standard way described for animals. The concentra- 


tion was for slices, 0-3 for suspensions. 


o-Aminophenol 


Bilirubin conjugation conjugation 
Birth liver slices liver/hr.) liver/hr.) 
no. (weeks) and age death liver/hr.) Slices 
haemorrhage; hr. 


haemorrhage and 
bilateral atelectasis; 
min. 


more prolonged infant no. Incubation 
slices and suspensions commenced within 
autopsy. Particulars the individual 
cases and the results are given Table 

order ascertain whether delay removal 
the liver, and extended period ice, would 
reduce the bilirubin-conjugating capacity the 
liver, control experiment with rat was carried 
out. The liver was left situ for min. after 
death and was then removed and packed ice for 
2hr. Samples were examined hr. 
min. and hr. min. after death. The loss 
activity was about 

Excretion glucuronic acid infants. The 
glucuronic acid concentration 151 specimens 
urine from male infants (of whom about third 
were premature and about third became jaun- 
diced) was determined during the first days 
life. Cases jaundice attributable haemolytic 
disease were excluded from this study. The urine- 
glucuronic acid concentration rose from mean 
value mg./100 ml. day (range mg./ 
mg./100 ml.), and thereafter fell mean value 
day The for infants less than 
birth weight were not strikingly lower than those 
with birth weight greater than 6-5 nor did the 
jaundiced infants have much lower concentrations 
than the unpigmented ones. 


on 


DISCUSSION 


The appearance increased amounts gluc- 
uronic acid rat bile after the injection bilirubin 
and the hydrolysis the azo pigment 
glucuronidase suggest that the rat 
rubin glucuronide. this respect resembles 
the human (Billing al. 1957; Schmid, 1956) and 
the dog (Talafant, 1956). 
(1957) have reached the same conclusion and state 


Grodsky Carbone 


that the theoretical amount glucuronic acid 


present the polar azo-pigment formed rat- 
liver suspensions. 

seeking conditions which slices and sus- 
pensions would conjugate bilirubin 
uronic acid the work Dutton Storey (1954) 
the conjugation was followed 
closely. The most striking difference experi- 
mental conditions which observed was the 
necessity for including plasma protein 
medium for conjugating bilirubin. Earlier work 
(Lathe, 1954; Day, 1954) suggested that bilirubin 
had deleterious effect the oxygen consumption 
tissues, and recently Ernster 
(1956) showed that ‘uncoupled’ oxidative phos- 
phorylation. our experiments serum which 
bilirubin was attached was added order 
provide substantial amounts bilirubin the 
medium without reducing the oxygen uptake the 
cells. The bilirubin concentrations used this 
work caused fall oxygen consumption. 
have found that serum has effect the rate 
conjugation 

Dutton Storey (1954) showed that the addition 
boiled-liver extract was necessary for optimum 
conjugation mouse-liver 
homogenates, and identified the agent UDP- 
glucuronic acid (Storey Dutton, 1955). Grodsky 
Carbone (1957) found that boiled-liver extract 
increased the conjugation bilirubin rat-liver 
suspensions. Our acid con- 
centrate increased the rate bilirubin conjuga- 
tion liver suspensions all normal adult 


we 


o-aminophenol 


animals except one rabbit (Table 3). The stimu- 
lating effect was very marked the new-born 
mouse and the adult rat. 

After the intravenous administration 
rubin rat the maximum rate excretion was 
about mg./g. wet liver/hr. This agreed with 
the rate given Billing Weinbren (1956). The 
rate conjugation rat-liver suspensions was 
mg./g. wet liver/hr., i.e. one-third the rate 
obtained the living animal. When allowance 
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made for tissue damage preparing the sus- 
pensions the agreement between results vivo and 
vitro satisfactory. 

The procedure for estimating the rate con- 
jugation bilirubin suspensions was developed 
for rat liver, and accurate estimations were not 
possible when liver suspensions conjugated less 
than wet liver/hr. and liver slices less 
than The accuracy for conjugation 
was low with less than 
(suspensions) and (slices). 

Fishman Green (1957) have maintained that 
may synthesize glucuronides 
vivo. Dutton Storey (1954) were unable find 
any inhibition conjugation 
the addition the specific inhibitor, saccharo- 
lactone. The effect added saccharolactone 
bilirubin conjugation liver suspensions young 
animals (Table which have high levels 
glucuronidase was not significant. The one positive 
result with adult-rabbit liver could not re- 
peated. Glucuronidase appears neither con- 
jugate bilirubin nor reduce the yield con- 
jugated pigment hydrolysis, under the condi- 
tions our experiments. 

There are striking similarities between the 
systems conjugating and bilirubin. 
the two processes were mediated the same 
enzyme, however, competitive inhibition should 
demonstrable, there should parallel between 
the relative amounts the two substrates con- 
jugated different animals and different types 
preparation, and the two systems should show 
similar stability. Although inhibition 
demonstrated, not clear that this due 
competition for the enzyme transferring the 
glucuronyl radical. mouse-liver suspensions 
bilirubin conjugation was much more sensitive 
o-aminophenol concentration than rat and 
rabbit experiments with slices. 

was noted that twice the optimum concentra- 
tion bilirubin (0-41 mm) did not affect o-amino- 
phenol conjugation its optimum concentration 
(0-2 was not possible examine the data 
quantitatively according Lineweaver Burk 
(1934), since the effective concentration bili- 
rubin mixture was unknown. 
Grodsky Carbone (1957) obtained inhibition 
bilirubin conjugation borneol, but this may 
due competition for limited amount UDP- 
glucuronic acid. The highest rates conjugation 
they obtained were about third the values 
our Wistar rats. Among different animals there 
was parallel between the capacities conjugate 
the two substrates (Table 4). Thus the rat-liver 
suspension, which had the 
conjugating capacity, had negligible activity with 
o-aminophenol, though Dutton (personal 
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communication) reports small degree activity. 
The rabbit-liver suspension conjugated 
phenol two three times fast bilirubin. The 
homozygous Gunn rat-liver slices conjugated 
aminophenol but not bilirubin, whereas the cat 
conjugated bilirubin but not The 
latter observation confirms the finding Dutton 
Grieg (1957). Isselbacher (personal com- 
munication) has identified bilirubin glucuronide 
cat bile. Rupturing the cells had marked effect 
the two systems some animals. was noted 
that the rat and mouse, bilirubin conjugation 
was increased preparing suspensions, but 
these and other animals, breaking the cells had 
depressing effect conjugation. 
The enhancement bilirubin conjugation may 
have been due easier penetration bilirubin 
the intracellular site enzyme activity. 

these conflicting might 
stances other than glucuronic acid, since 
formation has been established for only 


results 
conjugation 


Sc yme 


uronide 
five species (human, dog, rat, guinea pig, cat), but 
there yet evidence this point. The same 
consideration applies though 
less extent since sulphate would not estimated 
the method used. The differences the 
bution and behaviour the two conjugating 
systems raises the question whether glucuronides 
bilirubin and o-aminophenol are 
different enzyme systems. The position may 
clearer when investigations have been carried out 
with pure UDPglucuronic acid; although firm con- 
clusions about different enzymes are premature, 
this possibility not excluded. 

Billing al. (1957) suggested that transforma- 
tion glucuronide was essential step the 
excretion bilirubin. Our experiments and those 
Schmid, Axelrod, Hammaker Rosenthal (1957) 
point the microsomes the site this trans- 
formation. This observation raises some interesting 
questions about the movement bilirubin the 
cell. present the cell surface bilirubin- 
albumin complex, conjugated the microsomes 
and transferred the intercellular biliary cana- 
liculi. Other aspects intracellular localization 
are involved, too, for Munch-Peterson, Kalckar 
Smith (1955) have found that uridine diphosphate 
glucose synthesized the nucleus, Strominger, 
Maxwell, Axelrod (1957) observed its 
oxidation UDPglucuronic acid the particle- 
free cytoplasm, and acid appears 
utilized the surface the microsomes. 
Clearly attempt reconstruct the movements 
bilirubin dependent further studies the 
biochemical architecture the liver cell. 

These studies were undertaken with view 
devising means increasing the capacity the 
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new-born infant excrete bilirubin. Our observa- 
tions premature-infant livers strongly suggest, 
analogy with the system Storey Dutton 
(1955), that the primary defect the new-born 
liver involves enzyme transferring the gluc- 
uronyl radical bilirubin, since the addition 
acid did not correct the defect. 
two the three infants conjugated bilirubin was 
detected with slices and suspensions, and the rate 
conjugation suspensions the third liver was 
low that was doubtful accuracy. Whether 
there also reduced synthesis UDPglucuronic 
acid less certain. The studies the concentration 
acid the urine new-born infants 
are open criticism since were not able 
obtain the total urine excretion. The rapid fall 
concentration during the first days may due 
the rapid increase the output urine. 
addition part the excreted glucuronic acid may 
have been maternal origin. Nevertheless, that 
there was marked difference the concentration 
acid, when jaundiced infants were 
compared with normal infants small with large 
infants, suggests that the availability 
radical was not the decisive factor determining the 
ability excrete bilirubin. One new-born-human 
liver was examined for conjugation. 
The rate was lower than could measured 
accurately under our conditions, but was quite 
distinct, and approximately half third that 
found the adult monkey. Unfortunately 
not yet know the rate conjugation these sub- 
stances adult-human liver for comparison. 
Indirect based the rate removal 
intravenously injected bilirubin, suggest that the 
rate conjugation bilirubin the human liver 
similar that the rat relative unit weight 
liver. this then the defect capacity the 
new-born-human liver conjugate bilirubin 
much more marked than with other subtrates. 
The homozygous Gunn rats also showed 
striking departure from normal, far bilirubin 
conjugation was concerned (Table 4). This confirms 
the prediction made Malloy Lowenstein 
(1940) explain the accumulation plasma 
bile pigment giving the indirect van den Bergh 
reaction, and the absence the direct-reacting 
pigment. Schmid al. (1957) have suggested that 
the defect also includes greatly reduced produc- 
tion other glucuronides. the one homozygous 
animal which the conjugation 
slices was determined the conjugation was about 
half the normal for Wistar rats and about the same 
the rate heterozygous rat which was not 
jaundiced. The amount UDPglucuronic acid used 
would have been several times that required for 
conjugation bilirubin slices normal liver. 
Yet the homozygous Gunn rat-liver slices not 
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conjugate bilirubin. follows that the production 
UDPglucuronic acid not the limiting factor. 
These animals, which are permanently jaundiced, 
present contrast with the premature human 
infant, which jaundice temporary. Both lack, 
are deficient in, one enzyme. the Gunn rat 
this genetically determined, whereas the 
premature infant controlled developmental 
environmental factors which have not yet been 
defined. This fact suggests possibility treating 
jaundice the new-born infant accelerating the 
production the enzyme the liver cells. 


SUMMARY 


Evidence has been obtained that normal rat 
liver conjugates bilirubin with acid. 

Conditions have been determined for ex- 
amining the synthesis bilirubin glucuronide 
liver slices and suspensions. 

view the lack parallelism between 
rates conjugation bilirubin and 
phenol tissue slices and suspensions from 
number animals, the possibility discussed that 
the enzyme concerned bilirubin conjugation 
not identical with the one involved 
glucuronide formation. 

The bilirubin-conjugating system present 
cell particles, and absent from the soluble phase 
the cytoplasm. 

Preliminary results suggest that livers 
human new-born infants and homozygous Gunn 
rats are deficient the enzyme required for 
bilirubin glucuronide formation. 

are indebted the Medical Research Council for 
financial assistance. Glaxo Laboratories Ltd., Sefton Park, 
provided facilities for studying monkey tissue, and are 
grateful Wood and Hockenhull for making the 
necessary arrangements. Members the Physiology 
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animal livers. Professor Williams gave 
glucuronide for the preparation the standard curve. 
the experiments. 
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has been found previously (Sowden Stitch, 
1957) that barium and strontium were regularly 
present human bone concentrations and 
100 ashed tissue respectively. This work 
has been extended the estimation these trace 
elements other human tissues, determine 
which organ the body concentrated the elements 
the greatest extent, and estimate the total 
body content barium and strontium. These 
points are significant the estimation the radia- 
tion hazard man from contamination with radio- 
active elements. has 
generally assumed, from the pattern distribution 
activity within the body after injection radio- 


forms these been 


active isotopes, that strontium accumulates 
greater extent bone than soft tissues (Pecher, 
1941; Lisco, Finkel Brues, 1947; Kidman, Tutt 
Vaughan, 1950; Comar, Wasserman, Ullberg 
Andrews, 1957). Three reports issued Tipton 
al. (1957) give extensive details the barium 
and strontium content human organs taken from 
autopsies American subjects. Other references 
the concentrations these elements tissues 
are isolated. Strontium was detected human 
tissues Sheldon Ramage (1931), Gehrlach 
Muller (1934) and Forbes, Mitchell Cooper (1956). 
single case barium chloride poisoning 
reported Mancini (1943) barium was 
found the liver and kidneys, with traces the 
spleen and adrenals. 


Part Sowden Stitch (1957). 


Spectrographic analysis 


eye tissue from various animals has established that 
barium concentrated the pigmented parts 
the eye (Bowness, Morton, Shakir Stubbs, 1952; 
Scott Canaga, 1940; Ramage Sheldon, 1931; 
Oksala, 1954). The degree concentration cow-, 
rabbit- and human-eye tissue has been established 
this Laboratory neutron-activation analysis 
(Sowden Pirie, 1958). 


METHODS 


Estimations strontium and barium concentrations were 
made neutron-activation the tissue ashed form. 
strontium and barium 
separated from the ash for comparison their activity with 
that irradiated standard samples pure barium and 
strontium salts. Details the techniques tissue col- 
lection and preparation, neutron-activation 
assay are given previous paper bone analysis 
(Sowden Stitch, 1957), but the more varied mineral com- 
position non-skeletal tissue made certain modifications 
this method necessary. more elaborate separation was 
required obtain radiochemically pure fractions 
strontium and barium. obtain sufficient activity the 
barium and strontium for radioassay, larger amounts 
tissue ash were required and these were subjected 
order avoid the high radioactivity induced gram 
quantities ash after neutron-activation. 


Reagents 


Modifications the technique used for bone analysis 
involved the use certain additional reagents. 
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Carrier solutions. Calcium oxalate soln. dil. HCl 
contained mg. calcium/ml. prepared from ‘specpure’ 
carbonate (specially selected for low strontium 
content Johnson, Matthey and Co. Ltd.). The strontium 
content was calcium oxalate; the barium 
present was calcium oxalate, determined 
activation analysis. Nitrates rubidium, potassium, 
copper, manganese, silver, cadmium, lead, nickel, cobalt 
and aq. 10% (w/v) soln. for addition after neutron- 
activation. 

Other reagents. Water was redistilled from Pyrex 
apparatus. HCl, M.A.R. grade (Hopkin and Williams Ltd.), 
was redistilled, the middle fraction being stored for use 
stoppered polythene bottles. Aq. NH, soln., A.R. grade, 
was distilled and collected redistilled water. Ammonium 
oxalate, A.R. grade, aq. soln. saturated room temper- 
ature; barium concentrations were 
Ammonium sulphide solution, A.R. grade, was added after 
neutron-activation. 


Preparation samples 

Tissue samples were prepared described previously 
(Sowden Stitch, 1957) but were subjected prelimi- 
nary concentration strontium and barium before activa- 
tion. Samples tissue ash (500 mg.) were weighed into 
polythene centrifuge tubes and dissolved 
HCl. Calcium oxalate soln. dil. HCl ml.) was added 
carrier for the strontium and barium, and the mixed 
oxalates were precipitated with excess ammonium 
oxalate neutrality. The tubes were cooled ice (14 hr.) 
and centrifuged, and then drained and dried constant 


weight under infrared lamp. The precipitation 
strontium and barium trace quantities the presence 


carrier was investigated the addition 
and tissue ash, from which calcium oxalate was 
precipitated. Under the conditions described was found 
precipitations; loss was observed. The dried 
oxalate precipitate was transferred polystyrene tube 
for activation, correction being made the final assay for 
the percentage loss precipitate transference. 


Radiochemical purification after 
neutron-activation 


The method separation employed was similar that 
used for bone analysis (Sowden Stitch, 1957) but was 
extended remove the increased amounts sodium, 
potassium and trace elements present soft-tissue ash. 
The number carbonate separations was increased four. 
After the scavenging with iron hydroxide, mixed sulphides 
were precipitated with ammonium sulphide solution 
made alkaline with aq. NH, soln. and were removed 
boiling and filtration (Whatman’s no. filter paper). 
Strontium and barium were recovered from the filtrate 
conversion into carbonate boiling with solid Na,CO,. 


Table 


Conen. 
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addition the separations described the existing 
method, separation with fuming HNO, was carried out 
before the final separation barium and strontium for 
radioassay. 
Reproducibility 
Samples liver and brain ash were analysed repeatedly 
determine the reproducibility the method (Table 1). 


RESULTS 


Organs from thirty-one individuals were examined 
for strontium and barium; where insufficient tissue 
was available from single individuals ash from 
several specimens was combined for analysis. 
comparison the concentrations strontium and 
barium organs from persons similar age 
groups given Table marked accumula- 
tion was observed any the major organs 
examined, but lung and aortic tissues were found 
have concentrations greater than that the 
average for the body. 

Analysis the dissected parts the eye ob- 
tained from adults and still-born infants did not 
reveal any greater concentration barium and 
strontium than other tissues the body. 
Details the separate tissues examined are given 
Sowden Pirie (1958). 


DISCUSSION 


Although widely believed that barium and 
strontium are not retained any appreciable 
extent human soft few quantitative 
results are available for comparison with these 
figures. low concentration was observed most 


the tissues examined us, the concentration 


barium soft-tissue and skeletal ash being fairly 
constant throughout the body. This marked 
contrast with strontium where the average con- 
centration soft-tissue ash was found 
p.p.m., the adult concentration bone ash being 
approximately 100 p.p.m. (Sowden Stitch, 1957). 
The ash obtained from soft tissues approxi- 
mately the fresh wet weight, whereas 
average 25% fresh bone remains ash; 
although barium and strontium are more concen- 
trated fresh bone than non-skeletal tissues, 
the discrimination greater for strontium. Com- 
parisons with the values published Tipton al. 
(1957) show good agreement the average level 
and pattern distribution organs, 


Reproducibility barium and strontium tissue ash 
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Average concentrations barium and strontium human organs 
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Number specimens analysed given and the extreme values are given for groups specimens which individual 


samples were analysed. 


Organ 
Liver 


3rain 


Spleen 


Heart 


Kidney 


Lung 


Pancreas 
Testis 
Ovary 


Uterus 


Bladder 


Gall bladder 


Muscle 
Tongue 
Skin 


Lymph gland 


Thyroid 
Prostate 


Adrenal 
Fat 


Aorta* 


Age group 
(years) 
Still-born 


30-87 


Still-born 
12 


30-87 


3 


3 5 
1 


30-87 


30-87 
30-87 


30-87 


( 
—12 


30-87 


0-3 


30-87 
30-87 
30-87 
30-87 
30-87 
30-87 


30-87 


Conen. 
barium 
ash) 
4-2 (7) 
(3) 
(15) 
(6) 
4-0) 
2-6 (12) 
11-6) 
(3) 
4-6) 
3-3 (12) 
(1-4> 5-9) 
(7) 

20-3 (9) 
7-4 (11) 
35-0) 
8-0 (5) 
5-0 (3) 
5-7) 
9-9 (14) 
46-3) 

21-4 (7) 
(9) 
(10) 
35-4) 
8-1 (6) 
15-0) 
(7) 
1-7 (3) 
(2) 
2-4 (5) 
1-1 (5) 
8-0 (7) 
4-2 (2) 
6-0 (4) 
4-9 (8) 
(10) 
3-0 (3) 
(7) 
2-6 (8) 
(9) 
7-1 (14) 
6-3 (2) 
8-0 (2) 
10-3 (7) 
13-3 (14) 
(4) 


(14) 
(13) 


1000 (1) 
(7) 


Conen. 
strontium 


ash) 
2-6 (7) 
3-2 (3) 

(3-0 3-7) 
4-3 (15) 
(1-4-—> 8-9) 
3-1 (6) 
(2-2—> 4-7) 
3°5 (12) 
4-2 (3) 
4-8 (12) 
(3-4—> 9-8) 
6-1 (7) 
4-8 (9) 
6-1 (11) 
(2-3-—> 10-8) 
4-7 (5) 
(3) 
(4:1—> 5-5) 
8-1 (14) 
(1-1— 32-9) 
5-8 (7) 
5-6 (9) 
18-2 (10) 
(6-9 — 47-6) 
11-6 (6) 
26-0) 
6-1 (7) 
8-8 (3) 
10-0 (2) 
7-0 (5) 
(5) 
8-1 (7) 
17-9 (2) 
5-6 (4) 
10-3 (8) 
13-1 (10) 
9-5 (3) 
6-6 (7) 
12-9 (8) 
6-3 (9) 
3-4 (14) 
6-3 (2) 
6-0 (2) 
9-0 (7) 
8-8 (14) 
20 (4) 
8-2 (9) 
16-5 (15) 
9-8 (3) 
24-0 (8) 
7-4 (14) 
4-4 (13) 
60 (1) 
73 (7) 


Spectrographic analyses one child and four adult samples the A.E.R.E. laboratory, Woolwich, estimate 


reproducibility being 


Atrophied adult. 
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Vol. 


although the range individual results within the 
population greater the American series. The 
findings higher concentrations lung and aorta 
have been supported the results Tipton al. 
(1957). There relationship between age and 
concentrations barium and strontium the 
lung, might expected the accumulation 
these elements was directly related dust in- 
halation. Non-cartilaginous and therefore non- 
calcified portions the lung were examined. High 
concentrations aortic tissue may have some 
relation the degree calcification. The high 
concentration barium animal-eye tissues has 
not been observed human-eye tissue (Sowden 
Pirie, 1958). marked accumulation 
barium and strontium occurs the human eye 
their presence does not appear constitute 
hazard man damage the eye radiation. 

estimate the total body content barium 
and strontium can made although must 
stressed that the value such estimate 
limited the small number samples analysed. 
calculating the barium and strontium content 
each organ, the ‘standard-man’ specifications were 
taken for the weights organs (Recommendations 
the International Commission Radiological 
Protection, 1955). Values for skeletal concentration 
were those published Sowden Stitch (1957). 
The total body content barium, estimated 
parable estimate Tipton al. (personal 
communication) mg. barium and 133 mg. 
strontium. This figure for total body content 
does not include strontium and barium the 
gastrointestinal tract. Harrison, Raymond 
Tretheway (1955) estimated gut reserve 
strontium. 


SUMMARY 


previously described method estimating 
barium and strontium bone ash neutron- 
activation has been modified include non- 
skeletal tissues. 
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Soft tissues collected from cadavers have 
been examined. 

marked accumulation barium and 
strontium was apparent; lung and aorta were 
found have the highest concentrations. 

wish thank Miss Joan Bedford and Mrs Diana 
Gardner for their assistance with the experimental work 
and Stitch for his helpful advice. very grate- 
ful Robb-Smith and his colleagues the 
Infirmary, Oxford, Cameron, The 
Children’s Hospital, Birmingham, Wood, West 
Cornwall Hospital, Penzance, and Sevitt the 
Accident Hospital, Birmingham, for providing 
mortem material. 
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Barium and Strontium Concentrations Eye Tissue 
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University Oxford 


(Received May 1958) 


The pigmented tissues the eye have many 
animals extraordinarily high concentration 
one other trace metal. some the trace metal 
localized tapetum lucidum; some the distri- 
bution within the tissue not known. When 
survey the strontium and barium content 
human bone was being made (Sowden Stitch, 
1957) was decided make study these 
metals the different parts the eye man, 
cattle and rabbit. Early work Ramage 
Sheldon (1931) and Gerlach Muller (1936) had 
provided evidence that both barium and strontium 
were more concentrated the eye than other 
soft tissues, and Oksala (1954) had noted concen- 
tration mg./100 wet wt. barium the 
uvea the cow. The methods used for these 
earlier surveys were not specific nor sensitive 
the method neutron-activation analysis used 
the present investigations. 


METHODS 


Material. Cattle and calf eyes were brought from the 
slaughterhouse and dissected without fixation within 
hour death. The rabbit eyes came from the Laboratory 
stock pure-bred Dutch rabbits; these were killed 
intravenous injection Nembutal and the eyes dissected 
immediately. Human material was obtained post mortem, 
from operation. special set stainless-steel instru- 
ments was kept for dissection. Tissue from several eyes was 
pooled obtain sufficient material for analysis. Difficulty 
was experienced getting clean separation retina and 
choroid; this was simple calf and cow eyes but with 
rabbit and man the connexion was much closer, and variable 


amounts pigment were brushed off with the retinal 
tissue. The tissues were ashed and analysed for barium and 
strontium the method described Sowden Stitch 
(1957). 


RESULTS 


The concentrations strontium eye tissue are 
given Table cattle and rabbit the iris 
and choroid contain more strontium than the non- 
pigmented tissues. most cases the concentra- 
tions cow-eye tissues were greater than calf, 
the levels bovine tissue being generally higher 
than human tissue. 

The concentrations barium the same set 
eye tissues given Table Barium remark- 
ably concentrated the choroid the calf and 
cow and considerably the rabbit. man the 
concentration greater than that strontium 
although the choroid and iris show the highest 
content. 


DISCUSSION 


The function this relatively high concentration 
barium the choroid herbivores unknown. 
increases with age both cattle and rabbit, but 
already present and preferentially concen- 
trated the choroid the day-old calf. Zinc the 
choroid the dog, fox, badger and seal present 
crystals zinc cysteine the tapetum lucidum 
(Weitzel, Buddecke, Fretzdorff, Strecker Roester, 
1955), and these crystals appear function 
reflecting device aid vision dim zinc may 
constitute the dry weight the tapetum 


Table 


Strontium content eye tissues 


Results are expressed wet wt. Results are single estimations combined tissues from several eyes. 


Vitreous 

Species Cornea Iris Lens body 
Calf 25, 40 6 
Rabbit 

months 24, 57, 
Man 

49-86 years 9 15 _ 


Tapetal 
Retina Choroid choroid Sclera 
4, 9, 27 55, 73 141 —— 
17, 4 100, 114, 136 115 31 
49 36 18 
6, 8, 14 18, 20, 20 18, 16, 13 
15 20 15 
9 31, 10 — 50 
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Table Barium content eye tissue 
are expressed wet wt. Results are single estimations combined tissues from several eyes. 
Vitreous Tapetal 
Species Cornea Tris Lens body Retina Choroid choroid Sclera 
Cow 70, 700, 56, 129 000, 000 700 700 
Rabbit 
6-9 months 222, 590, 374 11, 13, 765, 775, 40, 28, 
Man 


the silver fox, which far greater than the 
barium concentration any choroid have 
examined. The choroid the cow also anatomic- 
ally specialized tapetum but this case the 
structure not made cells which contain 
but consists parallel fine fibres which 
act diffraction grating reflecting light. are 
unable say whether the tapetal fibres are particu- 
larly rich barium. 

Chelating agents such dithizone, injected into 
the dog (Weitzel, Strecker, Roester, Buddecke 
Fretzdorff, 1954) the rabbit (Butturini, Grignolo 
Baronchelli, 1953), cause tapetal degeneration 
and retinal detachment with blindness. The dose 
dithizone which caused eye change the dog was 
insufficient cause diabetes. therefore appears 
that these animals the presence metals may 
essential for the function and structure the 
choroid and for vision. Dogs dosed with small 
amounts radium show pigmentary changes 
iris and tapetum which may due damage 
the tissues owing concentration radium 
them (Rehfeld Stover, 1957). 

Although the concentration barium the 
choroid the cow far less than that the 
crystalline tapetum the dog fox, 
times greater than that iron, aluminium, zinc, 
manganese, silicon and other trace metals (Oksala, 
1954). Comparison the concentration barium 
and strontium eye tissues with their concentra- 
tion other parts the body shows that, the 
herbivores, barium very markedly concentrated 
the choroid compared either with other soft 
tissues with bone, and that strontium concentra- 
tion may times that the liver. The barium 
content the human choroid within the range 
values for other soft tissues and somewhat 
higher than that bone when the concentrations 
ash are compared. The strontium content human 
choroid and iris about quarter that bone 
(again comparing ash concentrations) and the 


same order that liver wet wt.). 
The sclera bovine and human samples also 
seemed accumulate these metals. unlikely 
that the apparently high concentration due 
contamination sclera choroidal tissue. 

These results emphasize the variation between 
species and the selective concentration certain 
trace metals the eye tissues different animals. 
would interesting investigate whether 
other trace metals known present animal 
tissues are concentrated the eye. 


SUMMARY 


The strontium and barium content the 
different parts the eye has been estimated the 
method activation analysis cattle, rabbit and 
man. 

The pigmented parts the eye contain more 
strontium and barium than the other parts, and 
barium particular concentrated the choroid 
the cow. 

These results are discussed relation the 
presence high concentrations zine the 
choroidal tapetum lucidum other animals. 
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Studies the distribution solutes have shown 
that isolated rat-liver mitochondria are partially 
permeable sucrose, sodium chloride 
sium chloride (Amoore Bartley, 1958). the 
work described, similar methods were em- 
ployed determine the permeability mito- 
chondria certain anions metabolic importance. 
Pyruvate, succinate, citrate, phosphate, adenosine 
5’-phosphate and adenosine triphosphate were 
chosen, because there presumptive evidence from 
the intracellular distribution enzymes that the 


course metabolism these solutes probably 
traverse the mitochondrial membrane. 
example, pyruvate formed glycolysis the 


soluble fraction liver cells destroyed oxid- 
ation the mitochondria (Siekevitz, 1957). Further- 
more, there are indications from earlier work that 
the membrane may impose permeability barrier 
upon the movements these solutes. Thus 
Schneider, Striebich Hogeboom (1956) showed 
that isolated mitochondria could retain their 
endogenous citrate their structure was intact. 
The distributions solutes were measured 
minimize the transformation metabolites 
active transport the mitochondria. The distri- 
butions were determined three external concen- 
trations the anion: and the range 
mm. The lowest concentration was intended 
reveal any adsorption the anion the 
mitochondria; the middle concentration was taken 
representative those often employed 
metabolic experiments vitro; and the highest 
concentration was designed measure the per- 
meability the mitochondria when any contribu- 
tion adsorption could proportionately small. 


METHODS 


The general experimental procedures were previously 
described (Werkheiser Bartley, 1957; Amoore Bartley, 
1958), with certain modifications. Suspensions rat-liver 
mitochondria were used soon the preparation was 
completed, avoid the leakages endogenous 
solutes that occur during storage the stock suspension 


(Amoore Bartley, 1958). The sus- 


pension mitochondria was mixed with 
different proportions 0-25 osmolar solution the 
sodium salt the anion whose distribution was 
studied. Expt. each table the suspension 
mitochondria was centrifuged without 
addition. Expts. and sufficient salt solution was 
added raise the concentration anion the medium 
and respectively. Expt. the concentration 
was made high possible (32-92 mm), consistent with 
maintaining the osmolarity. After min. contact 
with the salts, the mitochondria were centrifuged, and the 
mitochondrial pellet and supernatant fluid were analysed. 

some the solutes are liable transformation the 
mitochondria, precautions were taken ensure that the 
centrifuged mitochondrial pellets were kept (or below) 
until they had been thoroughly mixed with 10% (w/v) 
trichloroacetic acid. After centrifuging the mitochondria 
and decanting the supernatant fluid, the centrifuge tubes 
were drained, and the insides were dried with filter paper 
while the tubes were held the cold air the well the 
International refrigerated centrifuge. The tubes were 
placed ice bath, ml. 10% (w/v) trichloroacetic 
acid was added, and the mitochondrial pellets were broken 
with glass rod. After about hr. 0°, the tubes were 
weighed, and the weight the mitochondrial pellet was 
obtained difference. 

experiments with adenosine triphosphate (ATP), the 
mitochondria were centrifuged through silicone fluid, with 
without lower layer aqueous ‘fixative’ (Werkheiser 
Bartley, 1957). When the mitochondria were suspended 
mainly sucrose media silicone fluid mixture sp.gr. 
1-055 was used, and with predominantly saline media 
fluid sp. The fixative contained about 
and (w/v) formaldehyde, and had sp.gr. 
mitochondrial pellets centrifuged without 
fixative were put, while still frozen, into ml. 10% 
trichloroacetic acid tared tube ice bath, and 
broken soon they thawed. 


Preparation media 


Succinic acid, citric acid, sodium citrate, 
and Na,HPO, (anhydrous) were obtained from British 
Drug and were AnalaR quality. Sodium 
pyruvate was prepared described Bartley Davies 
(1954). Adenosine 5’-phosphate (AMP) (monohydrate) was 
supplied Zellstoff-Fabrik Waldhof, Pharmazeutische 
Abteilung, Wiesbaden, Germany. ATP (disodium adeno- 
sine triphosphate dihydrate) was obtained from Pabst 
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Laboratories, Milwaukee, Wisconsin, U.S.A.; 
chromatography showed ATP the only nucleotide 
present. 

Glass-distilled water, freed from CO,, was used for pre- 
paring the media. The phosphate medium (pH was 
made weighing out the appropriate amounts mono- 
and di-basic salts and making volume. The succinate, 
AMP and ATP media were made adding water the 
solid salts acid salt, and titrating with n-NaOH until 
they were dissolved and the was 7-4 (by glass electrode). 
The solutions were then made volume. The pyruvate 
and citrate media were made dissolving the faintly 
alkaline sodium salts the appropriate volume water, 
and adjusting with small quantities the 
corresponding acids. All media were calculated 
osmolar. 

Analytical methods 


Sucrose. This was estimated the method Kulka 
(1956). 

Sodium and potassium. These elements were estimated 
means lithium internal-standard flame photometer 
(Amoore, Parsons Werkheiser, 1958). 

Phosphate. Orthophosphate was estimated the 
method Berenblum Chain (1938) modified 
Bartley (1953). Total phosphate was estimated after wet- 
ashing the sample the method Hanes Isherwood 
(1949), with the addition 0-05 ml. (w/v) am- 
monium molybdate (Werkheiser Bartley, 1957). The 
difference between total phosphate and orthophosphate 
was designated phosphate’. 

Pyruvate. The ‘specific extraction procedure’ Friede- 
mann Haugen (1943) was used, with halving all 
volumes. was found that the optical density decreased 
steadily after developing the colour with NaOH, and that 
the fading was accelerated sucrose. Interference the 
measuring the optical density within min. adding the 
NaOH each sample. acid 2:4-dinitrophenyl- 
hydrazone was used prepare calibration curve. 

Succinate. The method Bartley (unpublished work) 
was employed. This involved conversion succinate, 
means succinoxidase and fumarase, into malate, which 
was determined the fluorimetric method Hummel 
Any fumarate malate the original sample 
would estimated succinate. 

Citrate. This was estimated the method Weil- 
Malherbe Bone (1949), modified Taylor (1953). 


sucrose/test did not affect recoveries 


added citrate, but contributed small blank. 
Extraparticulate fluid. This was estimated the method 
Werkheiser Bartley (1957) (see also Amoore Bartley, 
‘labelled polyglucose’) was added the mitochondrial 
suspensions final concentration (w/v). The 
reproducibility the estimations was substantially im- 
proved decreasing the counting error, and correcting 
for the self-absorption the weak (Calvin, 
Heidelberger, Reid, Tolbert Yankwich, 1949). The 
counting error was reduced accumulating minimum 
7000 counts/sample, which represents ‘reliable error’ 
2%. Self-absorption calibration curves were prepared 
counting planchets containing equal amounts labelled 
polyglucose, and increasing amounts either sucrose 
that the surface density varied from 
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1-4 6-0 (Drying for hr. 60° drove off all 
water and formaldehyde, and 95% the trichloro- 
acetic acid.) The counting rate surface density 
3-6 was 10% lower with the salts than with 
sucrose. The counting rates samples with different 
surface densities were corrected the expected counting 
rate for arbitrary surface density 1-6 


The analytical results, calculated previously described 
Werkheiser Bartley (1957), are given the tables. 
The distribution solutes between mitochondria and 
medium was expressed the ratio the internal and 
external concentrations. When this ratio was greater than 
unity, as was frequently observed for external salt concen- 
trations mm, was taken represent the ‘degree 
adsorption’ solutes the mitochondria (Bartley 
Amoore, 1958). With high salt concentrations the ratio was 
generally less than unity, and was expressed percentage, 
which was considered represent the ‘space’ the mito- 
chondria accessible external solute (Amoore 
Bartley, 1958). This ‘space’ is a measure of the permeability 
the mitochondria the given solute, and should 
regarded describing steady-state distribution 
solutes, rather than indicating the rate which the move- 
ment solutes occurred. The degrees adsorption and the 
permeability spaces given below were calculated after sub- 
tracting the endogenous solute content the mitochondria, 
indicated Expt. from the amounts found Expts. 2-4. 
This subtraction was done that the distribution the 
added solutes could obtained. 


RESULTS 


Distribution sodium pyruvate between mito- 
chondria and medium. The results are shown 
Table Freshly prepared mitochondria contained 
practically endogenous pyruvate (Expt. 1), and 
the addition mm-pyruvate the medium caused 
increase the internal concentration (Expt. 2). 
Higher external concentrations pyruvate caused 
the internal concentration increase, but 
remained below that the medium. The distribu- 
tion sodium was rather similar, except that 

the concentration the mitochondria rose 

substantially above that the medium. There 
evidence for the adsorption pyruvate, but 
some indication that sodium may adsorbed. The 
spaces accessible sodium and pyruvate were 
75% and 61% respectively (Expt. 4), compared 
with sucrose space 60% (Expt. 1). 

The considerable excess the sodium space over 
the pyruvate space recalls the earlier finding 
Amoore Bartley (1958) that mitochondria 
exhibit slightly greater affinity for sodium (or 
potassium) than for chloride. (With all the salts 
tested this work, the sodium space was greater 
than the anion space.) The permeability pyru- 
vate appears about the same that 
sucrose. with all experiments described this 
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paper, the concentration sucrose the mito- 
chondria remained below that the medium, 
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2-2 for sodium and for succinate. external 


although the concentration ratios varied. Low both ions were again higher the 
concentrations sodium pyruvate had effect mitochondria than the medium, but Expt. 
the potassium and total phosphate contents situation was reversed, indicating sodium 
their potassium and their phosphate were pared with sucrose space 60% (Expt. 1). 
lost. concentration basis the losses are The losses potassium and phosphate from the 
apparently greater, owing the increase water mitochondria exposed the highest sodium 
content the mitochondria from 1-54 concentration (Expt. were the same 
mitochondrial dry weight those noted for the corresponding experiment with 
Distribution sodium succinate between mito- pyruvate (the same stock suspension mito- 
chondria and medium. The method estimating chondria was used Tables and 2). The per- 
‘succinate’, applied this experiment, actually meability the mitochondria succinate was 
estimated the sum succinate, fumarate considerably less than that sucrose 
malate. also gave small reaction with AMP. 
The value 5-8 millimolal (Table Expt. ob- Distribution sodium citrate between mitochondria 
tained for the endogenous ‘succinate’ concentration and medium. The mitochondria contained 3-8 milli- 
the mitochondria was therefore treated asa endogenous citrate (Table Expt. 1), which 
without attempting identify its components. agreement with the finding Schneider al. 
Conversion added succinate the mitochondria that the citrate rat-liver homogenates was 
into fumarate and malate would not detected, mainly localized the mitochondrial fraction. 
but was probably When Addition mm-sodium citrate caused considerable Exp 
sodium succinate was added the medium both the sodium and citrate content no. 
(Expt. 2), large increases occurred the sodium mitochondria (Expt. 2). The degree adsorp- 
and especially the succinate concentrations the tion was 2-1 for sodium and for citrate. With 
mitochondria. The increments concentration citrate the medium (Expt. 
the mitochondria showed degrees adsorption concentrations these ions were still slightly 
Table Distribution sodium pyruvate between mitochondria and medium 
concentrated suspension mitochondria (0-4 ml.) was added 1-6 ml. part 
sodium pyruvate, mixtures the two. Labelled polyglucose (0-2 ml. 10%, w/v, aqueous solution) was also added. strat 
After min. the mitochondria were centrifuged for 10min. Analysis the pyruvate the 
gave 120 mm-sodium and 117 this and other Tables, represents mitochondrial dry wt.; the phos- 
phates are those extracted 10% (w/v) trichloroacetic acid; and the external concentrations potassium (and phos- than 
phates except where stated) were less than millimolal. 
Internal solutes (millimolal) 
content Pyruvate Sodium Sucrose Total that 
no. External Internal Internal Internal Internal the 
1-54 0-1 1-4 233 139 potas 
1-47 0-8 1-2 1-9 234 139 
1-47 9-4 8-5 8-6 17-1 215 116 78-0 78-0 trans 
1-80 92-0 15-2 58-4 60-0 
Table Distribution sodium succinate between mitochondria and medium 
Details are given Table except that mm-sodium succinate was used instead sodium pyruvate. The mito- 
chondrial suspension was the same that used Table Analysis the mm-sodium succinate gave centr 
167 and 83-4 
Internal solutes (millimolal) trich 
content Succinate Sodium Sucrose Total they 
Expt. mitochondria - Potassium. phosphate. phate 
no. External External Internal Internal Internal samp 
1-54 0-5 1-4 233 139 74:8 
1-49 10-0 23-0 18-7 208 102 74-6 72-0 
= 


58 

720 
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Table Distribution sodium citrate between mitochondria and medium 
sodium Expt. some the original suspension was centrifuged, and the mitochondria were 
resuspended citrate. sample ml.) the resulting suspension was Labelled polyglucose 
(0-2 ml. 10%, w/v) was also added each tube. After min. the mitochondria were centrifuged. Analysis the 
citrate gave 184 and 61-1 
content Citrate Sodium Sucrose Total 
no. External Internal External Internal External Internal Internal Internal 
ito- 1-68 0-4 245 117 65-2 59-0 
1-70 10-1 29-2 31-7 209 88-1 56-0 
1-78 26-7 158 92-6 12-5 39-2 54-7 
lria Table Distribution sodium orthophosphate between mitochondrial pellets and medium 
Details are given Table except that phosphate was used instead sodium citrate, and labelled 
polyglucose was absent. Analysis the phosphate gave 158 and 88-5 
was Total Conen. solutes (millimolal) 
content Orthophosphate Sodium Sucrose Organic 
no. Supernatant Pellet Supernatant Supernatant Pellet Pellet 
Vith 0-9 12-9 1-2 260 186 43-9 25-9 
11-0 25°5 18-4 29-0 234 168 36-0 
84-1 147 14¢ 18-6 10-9 15-7 
greater the mitochondria than the medium. Distribution sodium orthophosphate between 
Expt. the exclusion sodium citrate pellets and medium. Labelled poly- 
part the mitochondrial volume was glucose was omitted from the medium this 
strated, the concentrations sodium and (for reasons economy), the con- 
the mitochondria remaining substantially lower centrations solutes were calculated the basis 
than those the medium. The sodium space the total water content the mitochondrial 
and the citrate space compared with the pellets. The pellets centrifuged from 
sucrose space 48%. The permeability the (Table Expt. contained 9-7 millimolal ortho- 
mitochondria citrate was somewhat less than and 26-7 millimolal organic phosphate. 
that sucrose. The sodium citrate the same time the centrifuge was started, 
ate. (Expt. had effect the phosphate content the stock suspension mito- 
the mitochondria, but 36% the was deproteinized 
potassium was lost from the mitochondria. adding ml. (w/v) trichloroacetic acid. The 
test was made order find out whether any extract was analysed for total phos- 
transformation citrate occurred the presence phate and orthophosphate. When the results were 
mitochondria 0°. Two samples the mito- compared with the analyses the mitochondria 
chondrial suspension (2ml., which had been centrifuged before deproteinizing, 
containing 50mg. were added was found that the orthophosphate content 
volumes sodium citrate, that the final con- the centrifuged mitochondria was 10% too high. 
gave centration citrate was One sample about the endogenous organic 
deproteinized immediately with ml. 30% (w/v) phosphate the mitochondria had hydrolysed 
trichloroacetic acid, and the other after during the centrifuging and subsequent manipula- 
0°. When the centrifuged extracts were analysed, (see Methods) before trichloroacetic acid 
they contained the same amounts orthophos- added the pellets. Yet the preceding 
nate. phate and organic phosphate, but the second experiment (testing for disappearance citrate) 
nal sample contained less citrate than the first, mitochondria maintained suspension 
probably owing the small residual activity changes the ratio organic phos- 
aconitase 0°. This small disappearance citrate phate and orthophosphate. 
does not materially affect the distribution ratios. phosphate content the mitochondrial pellets was 
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the same each experiment Table was 
assumed that the hydrolysis was the same through- 
out, for the purpose calculating the distribution 
ratios for orthophosphate added the suspension. 
When phosphate was added the 
medium (Expt. both ions were appreciably 
adsorbed the mitochondrial pellet, the degrees 
adsorption being 3-2 for sodium and 4-2 for 
orthophosphate. With external concentration 
phosphate, the concentrations the 
pellet were still considerably higher than those 
the medium (Expt. the mito- 
chondria phosphate and recentri- 
fuging (Expt. caused large increase 
the water content the mitochondrial pellet, 
compared with that centrifuged from 
sucrose. This was the only occasion the present 
work that previously reported (Amoore 
Bartley, 1958) which the water content mito- 
mitochondrial pellets increased 
more than 25% result manipulations and 
changes suspension medium carried out 0°. 
The concentration sodium the swollen mito- 
chondrial pellet (143 millimolal) was nearly 
that the medium (147 millimolal). The sodium 
space the pellet was and the orthophosphate 
space 82%, compared with thesucrose space 
The sucrose space the pellet Expt. was 
69%. Apparently the mitochondria are consider- 
ably more permeable phosphate than sucrose. 
The swelling observed Expt. was accompanied 
the mitochondria, but loss organic phosphate. 
Distribution sodium adenosine 
between mitochondria and medium. The concentra- 
tion endogenous organic phosphate the mito- 
chondria was apparently 47-9 millimolal (Table 
Expt. 1), which high compared with the concentra- 
tions AMP added the medium Expts. and 
and respectively). The endogenous content 
must accurately known, because the analyses 
for organic phosphate were used estimate the 
distribution added AMP. However, sample 
the mitochondrial suspension 
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deproteinized without prior centrifuging, showed 
that about 13% the endogenous organic phos- 
phate had hydrolysed during the centrifuging and 
subsequent manipulation. The extent the 
hydrolysis was not constant, for the presence 
AMP (Expts. the concentration orthophos- 
phate the mitochondria was much less than that 
found Expt. these circumstances the 
distribution ratios for AMP lack pre- 
cision, particularly Expts. and 

Adding AMP the medium (Expt. 
had effect the organic-phosphate content 
the mitochondria. Whereas there was apparently 
adsorption AMP, there was small uptake 
sodium, the degree adsorption being 1-4. Raising 
the AMP concentration the medium 
(Expt. had very little effect the concentration 
organic phosphate the mitochondria, but the 
internal sodium concentration was again rather 
greater than the external. Even resuspending the 
mitochondria AMP (Expt. raised 
the organic phosphate concentration the mito- 
chondria from 47-9 only millimolal. The 
calculated sodium space was only 25%, compared 
with the sucrose space (Expt. 1). Thus the 
mitochondria were much less permeable AMP 
than they were sucrose. The low permeability 
AMP was confirmed later experiment (Table 7), 
which the breakdown endogenous organic 
phosphates was prevented. Expt. the 
endogenous potassium the mitochondria was 
lost. 

Distribution sodium triphosphate 
between mitochondria and medium. attempt was 
made limit the breakdown labile organic 
phosphates centrifuging the mitochondria 
through silicone fluid, according the procedure 
Werkheiser Bartley (1957), and placing the 
centrifuge stopped. this procedure the mito- 
chondrial pellets remained frozen until they were 
deproteinized with trichloroacetic acid, thereby 
avoiding the period 0°, which 


elapsed the experiments 


Table Distribution sodium adenosine between mitochondria and medium 


Details are given Table except that mm-sodium adenosine 5’-phosphate was used instead sodium citrate. 
Analysis the mm-sodium adenosine 5’-phosphate gave 137 75-5 phosphate and 0-2 mn- 


orthophosphate. 


Internal 


solutes (millimolal) 


content Organic phosphate Sodium Sucrose Ortho- 
no. External External Internal Internal Internal 
1-61 0-2 47-9 0-9 235 106 20-0 
1-68 1-2 45-2 3-4 234 114 68-4 14-2 
1-70 9-8 48-7 16-2 18-6 210 103 65-6 13-5 
1-93 66-9 124 64-5 11-5 45-4 
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Table Distribution sodium adenosine triphosphate between mitochondria and medium 


Expts. suspension mitochondria (2-5 ml.) was added the appropriate volume 


sodium adenosine triphosphate. Expt. 2-5 ml. the original 0-25 M-sucrose was centrifuged, 
and the mitochondria were resuspended adenosine triphosphate. Labelled polyglucose 


(0-25 ml. 10%, w/v) was added, and ml. the mixtures was layered over 2-5 ml. silicone fluid (no lower layer 


‘fixative’ was used). After min. contact with ATP, the mitochondria were centrifuged for 
and then frozen bath ethanol-solid CO,. Analysis the adenosine triphosphate gave 
200 159 phosphate and 0-6 


Internal solutes (millimolal) 
content Organic phosphate Sodium Sucrose Orthophosphate 

no. External Internal External Internal External Internal Internal External 

1-79 0-2 38-7 70-0 0-1 17-9 

2 1-84 2-2 39-0 2:8 10-2 69-8 0-7 23-5 

1-66 27-6 41-9 35-0 4-2 

4 1-90 122 44-6 166 88-0 49-7 13-8 62-1 


between centrifuging and deproteinizing. The 
period centrifuging through silicone fluid was 
shorter than that required without 
silicone (10 min.). Despite these precautions, com- 
parison the analyses the centrifuged mito- 
chondria (Table Expt. with sample the 
stock suspension directly deproteinized showed that 
about 11% the organic phosphate the mito- 
chondria had hydrolysed. This breakdown must 
have occurred while the centrifuge was running. 

The added ATP also underwent considerable 
dephosphorylation, shown the concentrations 
orthophosphate found the supernatant fluid 
(Table Expts. less than the phos- 
phate the solution was 
inorganic). This dephosphorylation must have 
during the min. before the mito- 
chondria were centrifuged out the medium. The 
reaction mixture contained 20mg. M/ml. 
Lineweaver Burk (1934) reciprocal plot the 
data gave straight line, from which was caleu- 
lated that the maximum velocity the dephos- 
Michaelis constant (K,) was 

The concentrations orthophosphate found 
the mitochondria (Tabie Expts. were dis- 
proportionately high compared with the external 
concentrations, considering the distribution 
orthophosphate observed Table Evidently 
dephosphorylation ATP must have continued 
the mitochondrial pellet during the centrifuging 
and until the pellet was frozen. The unexpectedly 
high activity the mitochondrial ‘adenosine 
triphosphatase’ nullified the main purpose 
the experiment, which was determine the per- 
meability the mitochondria ATP. However, 
the presence ATP the medium caused very 
slight the organic phosphate content 
the mitochondria (Expts. which showed that 


there was small degree permeability 
adsorption. 

decrease the water content the mito- 
chondria. the mitochondria 
ATP (Expt. caused the loss 
the endogenous potassium. Expt. the 
degree adsorption sodium was 2-2. The 
sodium space the mitochondria was 51% 
(Expt. compared with the sucrose space 
(Expt. 1). 

Distribution adenosine and adeno- 
sine triphosphate, measured after short contact and 
rapid fixation. This experiment employed the 
technique Werkheiser Bartley (1957), which 
the mitochondria are deproteinized centrifuging 
them through silicone fluid into lower layer 
formalin—perchloric acid ‘fixative’. Two samples 
each suspension mitochondria were centrifuged 
simultaneously through silicone fluid, one with and 
the other without fixative (see Table for details). 
The amounts orthophosphate and organic 
phosphate found the mitochondria, centrifuged 
from and fixed this method, 
agreed well with the amounts present sample 
the suspension mitochondria 
which had been deproteinized without centrifuging. 
However, the mitochondrial pellet centrifuged into 
the fixative contained little certain 
solutes compared with the pellet centrifuged 
without fixative Werkheiser Bartley, 
1957). The deficiency was greater with external 
solutes than with endogenous solutes the mito- 
chondria. Conversely, there was excessive 
amount labelled polyglucose. Apparently some 
fluid passes upwards through the silicone layer 
after the downward passage the mitochondrial 
pellet, but the details the process are obscure. 
view these difficulties, the analyses the 
mitochondrial pellet fixed formalin—perchloric 
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Table 


(Expt. ml. adenosine 5’-phosphate, and (Expt. ml. mm-sodium adenosine triphosphate. 
Each tube also contained 0-5 ml. 10% (w/v) labelled polyglucose. Two samples ml.) each mixture were immediately 
lavered over (a) 2-5 ml. silicone fluid and 1-5 ml. silicone fluid above ml. ‘fixative’. After 
contact with the AMP for 3-25 min., and with the ATP for 1-25 min., the mitochondria were centrifuged 000 for 
and then frozen. Analysis the mm-sodium adenosine 5’-phosphate gave 153 mm-sodium, 89-1 
phosphate and 0-1 the adenosine triphosphate gave 186 151 


phosphate and 0-8 


Internal Conen. solutes (millimolal) 

content Organic phosphate Sodium Sucrose Orthophosphate 

Internal Internal External Internal Internal External Internal 

1-62 0-2 59-0 0-1 2-4 219 136 71-0 <0-1 11-0 

1-71 64-2 110 64-9 38-6 21-2 67-9 0-1 11-0 


acid were used only determine the ratio 
orthophosphate and organic phosphate. This ratio 
was then used order assign its components 
the total phosphate found the pellet centrifuged 
without fixative. 

The scope the experiments Table was 
limited the use high concentrations AMP 
(Expt. and ATP (Expt. 3), order determine 
the permeability the mitochondria these 
solutes. (For reasons given earlier, attempts 
detect adsorption AMP and ATP means 
phosphate analyses are unlikely yield con- 
clusive results.) The time contact the mito- 
chondria with ATP was decreased 1-25 min. 
attempt minimize the liberation ortho- 
phosphate. 

agreement with the results Werkheiser 
Bartley (1957), 84% the acid-extractable phos- 
phate the mitochondria sedimented from 
sucrose was organic phosphate (Expt. 1). The 
sucrose space the mitochondria was 62%. 
Expt. the sodium space was and the AMP 
space was 33%. The concentration orthophos- 
phate the mitochondria was unaffected the 
presence AMP. 

Expt. the inclusion high concentration 
organic phosphate (ATP) the medium had 
little effect the organic phosphate concentration 
the mitochondria. The sodium space was 
and the ATP space was only 17%. Thus the 
permeability the mitochondria AMP was 
about half that sucrose, and the permeability 
ATP was only little over one-quarter that 
sucrose. 

Although Table Expt. the ATP remained 
contact with the mitochondria for less than 
one-tenth the time allowed Table Expt. 
before centrifuging, nearly high concentration 
orthophosphate (12-4 millimolal) appeared the 
supernatant fluid. lower concentration mito- 


chondria, 17mg. M/ml., was present the 
experiments Table 7.) The increment internal- 
orthophosphate concentration Expt. (Table 
compared with Expts. and was 13-3 millimolal, 
which was approximately the same the external 
concentration orthophosphate which developed. 
Thus the uptake orthophosphate the mito- 
chondria the presence ATP was rather less 
than the uptake observed with comparable 
centration orthophosphate alone (Table 
Expt. 3). 

There were changes the endogenous 
potassium content the mitochondria the 
experiments Table The brief time exposure 
the new medium before centrifuging (1-25 min. 
Expt. nearly allowed the sucrose become 
re-equilibrated, for the sucrose space Expt. was 
compared with Expt. This was 
agreement with the conclusion reported earlier 
(Amoore Bartley, 1958) that part the intra- 
mitochondrial volume reaches equilibrium very 
rapidly with the medium. 


DISCUSSION 


Interpretation studies the distribution 
solutes. The object measuring the distribution 
solutes between mitochondria and medium was 
determine the permeability the mitochondria. 
However, several factors tended complicate the 
interpretation the results. These were follows: 
endogenous solute content; adsorption solutes; 
enzymic transformation solutes; disparity 
between sodium and anion spaces; and apparent 
non-conformity with osmotic considerations. These 
difficulties, which were varying importance for 
each anion, will discussed separately. 

The concentrations endogenous solutes were 
small compared with the highest concentrations 
added the medium (Expts. each table), 
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except the study the organic phosphates. 
Here the conclusions about the permeability the 
mitochondria depend upon the assumption that 
the endogenous organic phosphates remain within 
the mitochondria and fail exchange with phos- 
phates the medium. any exchange organic 
phosphates occurred, the permeability indicated 
the solute spaces would too low. 

When appreciable degrees adsorption the 
added solute were shown with the lowest external 
followed that the apparent permeabilities indi- 
cated the solute spaces were too high. This was 
the situation with succinate, citrate and ortho- 
phosphate. With the available data was not 
possible determine how much the measured 
space represented adsorption. 

Enzymic transformation added solutes was 
assessed for citrate, orthophosphate, AMP and 
ATP. With orthophosphate and AMP there was 
esterification hydrolysis. very small dis- 
appearance citrate occurred, possibly 
aconitase activity, but this did not materially 
affect the conclusions. Hydrolysis ATP was 
considerable during brief contact with the mito- 
chondria (Tables and 7). has often been 
reported (e.g. Maley Johnson, 1957) that fresh 
rat-liver mitochondria prepared 
have little adenosine triphosphatase activity. 
The adenosine triphosphatase activity found the 
present work (Table was roughly four times 
great that found Maley Johnson 23°, 
and even greater rate was noted Table 

Disparity between the sodium and anion spaces 
the mitochondria was observed with every salt 
tested. The sodium space was always substantially 
larger than the anion space. exposing the mito- 
chondria high salt concentrations, especially 
sodium citrate sodium orthophosphate, there 
were considerable losses potassium from the 
mitochondria, with little loss organic 
phosphates. exchange mitochondrial potas- 
sium for sodium the medium accounted for some 
the excess the sodium space over the anion 
space, but several experiments (e.g. Table 
little loss potassium occurred. Presumably 
the electrical neutrality the mitochondria was 
maintained exchanges ions not estimated 
the present study. 

The osmotic behaviour the mitochondria was 
apparently irregular some experiments. was 
expected that transferring the mitochondria from 
into solution (with the same 
osmolarity) another solute, which they were 
more permeable, would result swelling the 
mitochondria, and vice versa. The first expectation 
was realized with sodium orthophosphate, which 
the mitochondria were more permeable than they 
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were sucrose. large increase the water 
content the mitochondrial pellet was observed 
transfer the saline medium (Table Expt. 4). 
However, the converse was not found with sodium 
AMP sodium ATP, which the mitochondria 
were much less permeable than they were 
sucrose. Instead the expected shrinkages the 
mitochondria, small increases took place their 
internal water content (Table Expts. and 3). 
This result not understood; was not due 
retention the mitochondria sucrose, which 
became redistributed accordance with the 
sucrose space found Expt. These findings 
suggest that inferences about the permeability 
subcellular particles, derived from observations 
their osmotic behaviour alone (e.g., Cleland, 1952; 
Tedeschi Harris, 1955), require confirmation 
measurements solute distributions. 

Metabolic implications the results. The present 
work, together with earlier studies (Werkheiser 
Bartley, 1957; Amoore Bartley, 1958; Bartley 
Amoore, 1958), has provided information about the 
properties mitochondria 0°. The evidence was 
obtained direct chemical analysis, the virtual 
absence metabolic activity the mitochondria. 
has become apparent that the mitochondria 
are rather impermeable variety solutes 
metabolic importance. Furthermore, the mito- 
chondria are capable adsorbing considerable 
quantities ions from dilute solution 0°. These 
data are intended provide basis for further 
studies the effect temperature the per- 
meability and adsorbency the mitochondria, and 
the possible contribution active transport 
when metabolism progress. 

The metabolic significance the limited per- 
meability mitochondria, relation the intra- 
cellular distribution enzymes, has been discussed 
Schneider Hogeboom (1956) and Hogeboom, 
Kuff Schneider (1957). However, some the 
reported distributions enzymes may require 
revision, because the relative impermeability the 
mitochondrial membrane the added substrate 
may have prevented 
enzyme from exhibiting its full activity the assay. 
This probably happened with mitochondrial 
aconitase (Dickman Speyer, 1954). certain 
metabolic pathways, appears necessary for 
intermediates pass from the soluble fraction 
the cell the mitochondrial fraction, vice versa. 
Thus citrate formed almost exclusively the 
mitochondria (Kalnitsky, 1949), whereas most 
the dehydrogenase the soluble fraction 
(Hogeboom Schneider, 1950; see, however, 
Ernster Lindberg, 1958). Experiments which 
cell fractions were recombined various ways 
have shown that for oxidation proceed 
maximum rate there must co-operation between 
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the particulate and soluble fractions, Siekevitz 
(1952) found with «-oxoglutarate oxidation. The 
permeability the mitochondria may therefore 
play important role vivo controlling the 
overall rate metabolism. 


SUMMARY 


The distribution solutes between isolated 
rat-liver mitochondria and the suspension medium 
was studied centrifuging and analysing the 
sedimented pellet and supernatant fluid. The 
distributions the sodium salts pyruvate, 
succinate, citrate, phosphate, adenosine 5’-phos- 
phate and adenosine triphosphate were measured 
over wide range external concentrations. The 
volume extraparticulate fluid the pellet was 
estimated, and the distribution sucrose was also 
measured. 

With salt the medium, marked uptakes 
succinate, citrate and phosphate the mito- 
chondria were observed. The increases concen- 
tration these anions the mitochondria were 
four ten times the concentrations the medium. 

About two-thirds the mitochondrial water 
was accessible sucrose, and the space accessible 
pyruvate, succinate and citrate was the same 
order. The mitochondria were rather more acces- 
sible phosphate than they were sucrose. They 
were much less accessible adenosine 5’-phosphate 
and adenosine triphosphate, the permeability 
the latter being one-quarter that sucrose. 

With each salt, the penetration sodium was 
somewhat greater than the penetration the 
anion. Part the difference may due the loss 
endogenous potassium from the mitochondria. 
The changes water content the mito- 
chondria when they were suspended solutions 
the sodium adenosine phosphates were not con- 
sistent with osmotic considerations based the 
measured distribution solutes. 

The author thanks Professor Sir Hans Krebs, F.R.S., for 
his interest this work, Bartley for much helpful 
discussion, and Miss Notton for technical assistance. 
The work was done during the tenure Christopher 
Welch Scholarship and Medical Research Council 
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aided grant from the Rockefeller Foundation. 
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Effect upon the Hydrolysis 
Corticoids Cat Urine 


BORRELL 
Instituto Endocrinologia Experimental, Centro Investigaciones Biologicas, Madrid 


(Received June 1958) 


Robinson Williams (1958) have raised the 
question the formation glucuronides cat 
liver. During investigation the influence 
elimination urinary corticoid cats block 
the reticulo-endothelial system injection 
trypan blue (Arteta Borrell, 1958), was ob- 
served that incubation cat urine with 
uronidase had little effect the amount 
corticoids extractable from 
cat urine. This observation has been further studied 
and results indicate that only small amounts 
corticoid glucuronides are excreted the cat. 


METHODS 


Corticoid determinations, modification the method 
Silber Porter (1954), were carried out extracts 
portions cat urine incubated 6-5 for hr. with 
and without added extracted immedi- 
ately after adjustment urinary 7-0 1-5. 
The activity the preparation was 
checked almost daily routine analyses human urine. 

When incubation with enzyme was studied, the freshly 
collected specimen was filtered and adjusted 
6-5. Two samples, from ml. depending the 
volume available, were made ml. each with water 
and buffer (prepared from 
KHPO, and Na,HPO,), 6-5, 100 Sigma units 
glucuronidase and 000 units penicillin (Merck and Co. 
Ltd., U.S.A.) were added. Incubation was carried out 
37° for hr. The reaction mixtures were extracted with 
100 ml. freshly redistilled chloroform and shaken for 
emulsion formed the samples were centri- 
fuged. The chloroform extracts were concentrated vacuo 
water bath below 42° approx. ml. The extracts 
were washed shaking them for sec. plastic-capped 
tubes with and centrifuged. The 
volume chloroform was adjusted ml. and ml. 
portions were shaken for sec., clean tubes, with ml. 
acid reagent. After centri- 
fuging, the acid layer was 
placed water bath 60° for min. and the absorption 
determined with Hilger Spekker absorptiometer 
with no. 601 filter and appropriate blanks. Control 
experiments showed that the presence penicillin did 
not influence the results. 


RESULTS 


from cortisone (Merck and 
Co. Ltd., U.S.A.), added four urines containing 


material, indicated that the extraction procedure 
gave recovery free cortisone. The 
maximum variation between triplicate determina- 
tions was low levels corticoid content and 
higher levels. Incubation with without 
made difference the recovery 
cortisone added urines (Table 1). 

Table presents the results extractions 
pooled and individual cat urines, the corticoid 
values after incubation with being 
compared with those obtained extraction 
toward slightly higher values after incubation with 
enzyme, but the differences are not significant for 
the numbers analysed. some individual cases, 
the value after incubation with glucuronidase was 
lower than that obtained simple extraction, 
confirming the opinion that the increases seen after 
incubation with are not significant. 

Cortisone adrenocorticotropic hormone was 
administered other cats see the material 
hydrolysable glucuronidase remained low 
higher levels corticoid excretion. The results 
Table show that there was change the ratio 
glucuronide free corticoid under these condi- 
tions. 


Table Effect incubation 6-5 with and 
without B-glucuronidase corticoids cat urine 


For experimental details see text. 


Corticoids/ 
Vol. Cortisone sample 
urine uronidase added (as pg. 
(ml.) (Sigma units) cortisone) 

300 3-24 
100 3-00 
2-90 

100 2-52 
100 12-47 
11-95 
100 2-86 
2-76 
100 8-00 
8-17 

100 1-47 
1-47 
100 6-28 
6-33 

5-04 


vas | 
48, 
rk: 
06, 
20, 
om. 
64, 
56, 
cla, | 
45, 
66, 
— 


728 


BORRELL 


1958 


Table Corticoids extracted from cat urine 1-5 after incubation with B-glucuronidase 


are given means with ranges parentheses. 


urine experiments 
Individuals 4 9-1+1-3 (6-0-12-2 

Pool cats) 4-4 (4-1, 4-6) 
Individuals 


Table 


Corticoids (as cortisone/24 hr.) 


7-0 1-5 

5-9) (3-0, 7-5) 
5-7 (4-8, 6-2 


Corticoids extracted from urine 7-0 after incubation with B-glucuronidase, 


after administration cortisone adrenocorticotropic hormone cats 


Results are given 


Corticoids 
(as cortisone/24 hr.) 
Compound administered cats pH7 
Adrenocorticotropic hormone* 17-5+3-1 14-:7+1-9 


(Adrecortan) was injected into each cat. 


Two cats and E): three urine collections each. Cat received mg. cortisone (Altesona)/kg. day mg./ 
kg. days and Cat received mg./kg. daily for days. 


DISCUSSION 


Results presented are contrast with those 
published for human urine (e.g. Mason, 1954), 
where least 80% the corticoids excreted are 
excreted glucuronides. Peron Dorfman (1958) 
have demonstrated that the bulk the steroids 
isolated from guinea-pig urine are unconjugated. 
impossible state with certainty from the 
data presented whether there are steroid gluc- 
uronides cat urine whether there in- 
hibitor for view the fact 
that trebling the amount enzyme had effect 
and view the work Robinson Williams 
(1958) appears probable that glucuronide forma- 
tion deficient the cat. 


SUMMARY 


have been determined the urines 
cats with and without incubation with 


glucuronidase. After incubation with glucuronidase 
there does not appear statistically signifi- 
cant increase. 

Results are considered support the finding 
Robinson Williams (1958) lack gluc- 
uronide formation cats. 


The author wishes thank Betty Rubin for her 
interest and assistance preparing this manuscript for 
publication. 
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The Isolation D-Fucosamine from the Specific Polysaccharide 
Chromobacterium violaceum (NCTC 7917) 


Microbiological Research Establishment, Porton, Wilts 


(Received May 1958) 


many groups Gram-negative bacteria the 
dominant serological character due 
antigen whose specificity resides 
polysaccharide component. Material carrying the 
‘O’ somatic specificity can conveniently ex- 
tracted lipopolysaccharide (polysaccharide 
lipid ‘A’) 45% phenol (Westphal, Liideritz 
Bister, 1952). For large number bacterial poly- 
saccharides extracted this and other methods 
the major sugar constituents are known, those 
most frequently found being galactose, glucose, 
mannose, rhamnose, fucose, glucosamine and 
galactosamine. Recent studies have, however, 
revealed the presence many instances addi- 
tional sugars which were not known occur 
Nature before the advent paper chromato- 
graphy. Some these have been isolated and 
identified: for example, the 3:6-dideoxyhexoses 
tyvelose and abequose (Westphal 
1954), and the 
mannoheptose (Slein Schnell, 1953; Weidel, 1955) 
(MacLennan 
Davies, 1957). 

The compositions polysaccharides obtained 
from some strains violaceum 
have already been described (Davies, 1955). one 
these (C. violaceum NCTC 7917) unidentified 
aldoheptose and unspecified hexosamine were 
recorded, addition other sugars. Further 
examination the polysaccharide revealed that 
the aldoheptose was most probably 
mannoheptose (Davies, 1957) and that two amino 
sugars were present, one which differed from all 
the known and naturally occurring amino 
sugars. 

The only 2-amino-2-deoxyaldose 
have been described constituents bacterial 
polysaccharides are 
amine, ‘muramic acid’ 
cosamine) (Strange, 1956; Kent, 1957), 
acid (Clark, McLaughlin 
Webster, 1958) and one unidentified amino sugar 
(Goebel Jesaitis, 1952). has been 
isolated from Streptothricin and Streptolin 
van Tamelen, Dyer, Carter, Pierce Daniels 
(1956), D-mannosamine from acid 


Comb Roseman (1958) and talosamine has been 
reported occur naturally (Muir, 1957). Talos- 
amine has also been separated from preparation 
N-acetylgalactosamine although this case 
could not assumed that the sugar was natural 
occurrence (Crumpton, 1957). 

The new amino sugar component the 
violaceum (NCTC 7917) specific polysaccharide has 
now been isolated and identified. The results, to- 
gether with some properties the polysaccharide, 
are presented this paper, preliminary account 
having already appeared (Crumpton Davies, 
1956). 


METHODS AND MATERIALS 


Materials for analysis. Samples extraction products 
for analysis were thoroughly dialysed against distilled 
water and dried from the frozen state. They were 
further dried constant weight vacuo 78°. 

Nitrogen. Total was determined the 
method with the distillation apparatus Markham (1942), 
and the mixed bromocresol red indicator 
Zuazaga (1942). 

Phosphorus. Determinations were made samples 
Fiske Subbarow (1925). 

Sugars. Estimations were carried out the following 
methods: amino sugars, the method Rondle 
Morgan after hydrolysis for hr. 100° with 
unless otherwise stated, amounts amino sugar 
being expressed terms glucosamine base; N-acetyl 
amino sugars, by the method of Aminoff, Morgan & 
Watkins (1952), amounts being given terms 
aldoheptoses the method Dische 
(1953), amounts being expressed terms 
mannoheptose. 

Nucleic acid. Nucleic acid was estimated measuring 
the absorption 260 material dissolved 0-05N- 
NaOH. purified preparation ribonucleic acid was used 
standard for reference. 

Chromatography. Samples were hydrolysed sealed 
tubes 100° for 16hr. with except where 
otherwise stated. Solutions were evaporated dryness 
vacuo the presence NaOH pellets and redissolved 
suitable concentrations for application paper chromato- 
grams. Whatman no. paper was used with the following 
solvent systems: NH, soln.; 
6:4:3 (by vol.). Papers were sprayed with either alkaline 
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acetylacetone followed Ehrlich’s reagent (Partridge, 
1948) reveal amino sugars and their derivatives, 
anisidine hydrochloride (Hough, Jones Wadman, 
1950), which distinguishes colour the different classes 
sugars. 

Separation and identification amino sugars. Hydro- 
lysates the polysaccharide were analysed for amino 
sugars chromatography columns 200-mesh Zeo- 
Karb 225 resin (The Permutit Co. Ltd., London, 
the form eluted with modification 
(Rondle Morgan, the method Gardell (1953). 
Recoveries approx. 90% the amino sugars added 
the column were usually obtained. Glucosamine standards 
concentrations were employed for the esti- 
mation the eluted sugars. 

Periodate oxidation. Amounts (moles/mole amino 
sugar) periodate consumed and formic acid produced 
oxidation amino sugar with periodate were estimated 
modification the method Jeanloz Forchielli 
(1951). The oxidation was carried out the dark 4°, 
4-5 for hr. Glucosamine was included control 
each test; about the theoretical periodate con- 
sumption and the theoretical amount formic acid 
were estimated. Acetaldehyde was estimated Conway 
units, described Aminoff, Morgan Watkins (1950) 
for the determination fucose. The method was modified 
carrying out the oxidation 
buffer, 7-5. Under these conditions 95-100% the 
theoretical amount acetaldehyde was recovered from 
known amounts fucose which were included controls 
each test. 

Growth and recovery organisms. Chromobacterium 
violaceum (lividum) NCTC 7917 (Sneath, 1956) was grown 
20° the bacteria were harvested, resuspended cold 
saline, washed and poured into acetone 
10°. The acetone was changed several times and the cells 
were dried vacuo over H,SO,. The yield was (dry 
wt.) from 200 trays. 

Specific lipopolysaccharide. Lipopolysaccharide was 
extracted from dried organisms with warm 45% 
(w/v) phenol (Westphal al. 1952) and separated from 
nucleic acid ultracentrifuging. The product (6-3 g.) 
contained 3-4%; amino sugar, 16%; aldo- 
heptose, 21% and not more than 0-2% nucleic acid. 

Degraded polysaccharide. The degraded polysaccharide 
was prepared from the lipopolysaccharide 
hydrolysis with (v/v) acetic acid for hr. 100° and 
separated from insoluble phospholipid according Davies 
(1956). The phospholipid fraction (970 mg.) contained 
(organic), amino sugar, 12% and aldo- 
heptose, 5%. The degraded polysaccharide (3-6 g.) con- 
tained (organic), amino sugar, 18% and 
aldoheptose 


RESULTS 


Composition the specific polysaccharide 


Chromatographic analysis. Samples polysac- 
charide hydrolysates examined paper chromato- 
graphy with various solvent systems showed five 
major spots. The colour and positions two 
these spots were identical with those glucose and 
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galactose run the same time; third spot gave 
the colour characteristic aldoheptoses and most 


probably represents 
(Davies, 1957). When chromatograms 
hydrolysed lipopolysaccharide with each solvent 
system were sprayed with the amino sugar re- 
agents, two spots were distinguished. The fainter 
spot occupied position identical with that 
glucosamine run the same time. The other could 
not, however, identified with any the amino 
sugars available for comparison. The Values 
for this component 
water, NH, soln. and 
acid—water were 1-00, 2-03 and 1-32 respectively. 
Lipopolysaccharide which had been hydrolysed 
with for hr. 100° gave identical 
result. Unlike the lipopolysaccharide, 0-5N- and 
hydrolysates the degraded polysac- 
charide gave only one amino sugar spot; this was 
the position the unidentified sugar. 

Polysaccharide which had been hydrolysed with 
acid for hr. 100° was examined 
paper chromatography 

solvent. When sprayed with ethanolic 
alkali followed Ehrlich’s reagent reveal 
acetyl amino sugars, reddish purple spot appeared 
identified with any the N-acetyl amino sugars 
available for comparison. This spot most probably 
represented the N-acetyl derivative the new 
amino sugar. 

Separation amino sugars. Samples the 
hydrolysed polysaccharides containing 
sugar were analysed columns Zeo- 
Karb 225 resin eluted with The columns 
used had been standardized with mixture 
authentic p-glucosamine and 
amine these emerged peak positions 
(in terms ml. effluent) which were character- 
istic for the column provided that the same 
normality was used eluent. Lipopolysaccharide 
hydrolysed with for hr. 100° gave 
two peaks; the peak position (125 ml. effluent) 
one these was identical with that for glucosamine, 
but the peak position the other 
component differed from that any the amino 
sugars available for comparison (Fig. 1A). The 
ratio the amount new amino sugar that 
glucosamine was When glucosamine and 
galactosamine were added the hydrolysate 
three components separated completely from 
one another, emerging the order glucosamine 
(126 ml.), galactosamine (153 ml.) and new amino 
sugar (245 ml.) (Fig. 1B). The amount glucos- 
amine recovered was equal the ‘amount 
authentic sugar added plus that previously calcu- 
lated present the lipopolysaccharide. 
Strong acid hydrolysates 100°, hr.) 


Vol. 


the 

amil 
thos 
sir 
were 
the 
ratio 
howe 
prese 
For 
new 


As 


from 


emer; 
the 
founc 

Dei 
polys 


ff waz 


Fig. 


Karb 
(NCI 
0-5 N- 
galac 
gluco 


| 
730 
| 
| 
| 
| 


Vol. 


the lipopolysaccharide gave glucosamine and new 
amino sugar the same respective positions 
those shown Fig. the sugars were present 
similar ratio but recoveries only about 70% 
were obtained. Analysis and 
revealed the presence only one component which 
emerged the position the new amino sugar. 
the other hand, the phospholipid, after hydrolysis 
hr., 100°), contained both sugars; the 
ratio glucosamine new amino sugar had, 
however, increased 1:1. Thus the glucosamine 
present the lipopolysaccharide seemed likely 
component only the phospholipid moiety. 
For this reason the degraded polysaccharide was 
chosen starting material for the isolation the 
new amino sugar. 

was intended separate the amino sugar 


the neutral sugars and traces glucosamine 


elution with HCl from column Zeo-Karb 225 
resin, the effect normality the positions 
which glucosamine and the new amino sugar 
emerged was investigated. complete separation 
the amino sugar the shortest possible time was 

Detection N-acetyl amino sugar. Unhydrolysed 
polysaccharides that contain 2-acetamido-2- 


Amino sugar 


100 140 180 220 
Vol. effluent 


Fig. Separation amino sugars column Zeo- 
Karb 225 resin elnted with violaceum 
hydrolysate with the addition glucosamine and 
galactosamine. Amino sugars were eluted the order: 
glucosamine, galactosamine, the new amino sugar. 
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deoxy sugar with unsubstituted hydroxyl group 
attached and either linked through 
alkali-labile bond with free reducing group, 
produce, when treated with dilute alkali, chro- 
mogen which forms coloured complex with the 
reagent (Ami- 
noff al. 1952; Kuhn, Gauhe Baer, 1954). The 
maximum colour intensity given known weights 
materials can expressed terms the 
maximum colour intensity developed under defined 
conditions N-acetylglucosamine. is, however, 
necessary determine for each material the 
optimum time heating with alkali 
100°) which subsequently gives the 
maximum colour intensity the addition 
Ehrlich’s reagent. Under the conditions employed 
the optimum heating period for N-acetylglucos- 
amine was min. 

The influence the time heating with alkali 
samples the lipopolysaccharide and degraded 
polysaccharide shown Fig. maximum 
acetylglucosamine coincided with min. and 
min. heating periods respectively. each case 
the absorption spectrum the coloured complex 


Equivalent N-acetylglucosamine value (%) 


Time of heating (min.) 


intensity colour produced by: lipopolysaccharide 
degraded polysaccharide and lipopolysaccharide 
hydrolysed with acid for hr. 100°. 
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was identical with that N-acetylglucosamine, 
with maxima 550 and 590 my, and there was 
preformed chromogenic structure. Examination 
which had been hydrolysed 
sealed ampoules 100° with N-acetic acid for 
different periods revealed that the optimum time 
heating with alkali and the maximum colour in- 
tensity reached were dependent the period 
hydrolysis. After hydrolysis for 
maximum colour equivalent about 18% 
acetylglucosamine was produced after heating for 
4min. (Fig. 2). Hydrolysis periods greater than 
hr. resulted decrease the maximum colour 
intensity; this was probably due deacetylation 
the N-acetyl amino sugar that released 
from the lipopolysaccharide hydrolysis with 
mild acid. 


Isolation the new amino sugar 


Hydrolysis the degraded polysaccharide. 
determine the conditions acid hydrolysis neces- 
sary release the maximum amount amino 
sugar from the degraded polysaccharide, rates 
liberation with and were measured. 
Maximum liberation with occurred 
approx. hr. and was equivalent 18%, esti- 
mated glucosamine, whereas hydrolysis with 
apparently released greater amount 
amino sugar (20%) much shorter time hr.), 
although extensive decomposition occurred with 
the formation precipitate humin. 

view these results and since only the 
amino sugar present hydrolysates the 
lipopolysaccharide was recovered from columns 
Zeo-Karb 225 resin, the polysaccharide (3-26 g.) 
was hydrolysed for hr. 100° with 
(336 ml.) sealed ampoules. The hydrolysate was 
filtered, evaporated dryness vacuo the 
presence NaOH pellets and redissolved 
sample this hydrolysate chromatography 
paper, and columns Zeo-Karb 225 resin 
eluted with confirmed the presence 
the new amino sugar together with glucose, 
galactose and glucos- 
amine could not detected. 

Separation amino sugar from neutral sugars. 
glass column, 5-1 em. internal diam. and em. 
long, was packed with Zeo-Karb 225 resin the 
form after two cycles through the form. After 
thorough washing the column with the 
concentrated hydrolysate containing about 420 mg. 
amino sugar was placed the resin and the 
column eluted with rate ml./hr. 
The effluent was collected fractions ml. 
Samples (0-5 ml.) these fractions were examined 
for the presence neutral reducing sugars with the 
Molisch test since this does not detect amino sugar 


and could used without further treatment the 
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acid eluates. Positive fractions were 
neutralized and concentrated vacuo syrup 
which was found contain only glucose, galactose 
and Amino sugar was 
detected and estimated suitable dilutions the 
fractions, positive fractions being pooled and 
evaporated vacuo almost dryness. Pale-yellow 
crystals formed allowing the product stand 
the cold; these were dissolved water and the 
sugar was recrystallized adding vol. acetone 
and leaving overnight 2°. The product was 
recrystallized three times from aqueous acetone, 
after which its specific rotation was not altered 
further recrystallization. The colourless crystals 
obtained were washed with acetone and with ether 
and dried over (Fig. 3). The dry crystals 
weighed 260 mg., giving yield about 60%. 


Properties and identification the amino sugar 


Physical. The specific rotation, the mean value 
obtained examination several separate 
solutions the mixture, 
(c, H,O), the molecular rotation 
being heating, charring occurred 
about 155° followed decomposition 
decrease weight was observed heating 
110° vacuo over P,O,, suggesting that the crystals 
were unlikely contain water solvent crystal- 
lization. This was confirmed examination the 
infrared-absorption spectrum. Comparison this 
spectrum with those six the aldohexoses and 


seven the 6-deoxyhexoses revealed that, 


allowing for the bands, resembled most 
closely that 

Chemical. Elementary analysis showed 
and [Found: 36-5; 6-7; Cl, 18-0; N(Dumas), 


Fig. The new amino sugar hydrochloride) 
crystallized from aqueous acetone 80). 
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N(Kjeldahl), Cale. for These results suggest that the sugar 
led, 36-2; 7-0; Cl, methylpentosamine since this case and 
paper chromatograms sprayed either with atoms would liberated acetaldehyde. The 
tose anisidine hydrochloride the amino sugar re- acetaldehyde periodate oxidation 
was agents the sugar gave only one spot, the colour was tested for the following way. Oxidation was 
the which, each case, was characteristic amino out Conway units; sample (0-5 ml.) was 
and sugars. Its position corresponded each solvent removed from the centre well and examined the 
llow system that previously described for acid method described Barker Summerson (1941). 
hydrolysates the polysaccharide. The sugar was purple colour was obtained with maximum 
tone 225 resin position identical with that obtained acetaldehyde. Glucosamine and fucose which had 
was with polysaccharide hydrolysate; approx. been treated the same way were included 
one, the total amount added the column was re- negative and positive controls. The amount 
covered single symmetrical peak. acetaldehyde formed each mole the amino 
stals the Rondle Morgan (1955a) test for hexos- sugar was 0-96 mole. Fucose was included 
ther amines the sugar gave 75% the colour given and gave the theoretical amount 
stals equal weight glucosamine base; the absorp- acetaldehyde. Thus moles periodate are con- 
tion spectrum the chromophore was identical sumed the oxidation mole the amino 
with that for glucosamine with maximum sugar, with the production moles formic acid 

530 mp. the assumption that the sugar might and mole acetaldehyde. 
methylpentosamine hydrochloride, the amount Characterization the phenylosazone. The 
alue base used the above test gave 92% the was chosen suitable derivative because 
colour given equal weight glucosamine the same osazone would obtained from the 
base. 2-amino sugar from the parent 2-hydroxy sugar. 
this stage indication the identity the The very insoluble phenylglucosazone, which can 
sugar was obtained the spectrophotometric isolated almost theoretical yield from glucose, 
examination the chromophore formed treat- was obtained only about 30% yield, however, 
ment with nitrous acid followed was used starting material. 
The sugar was deaminated Preliminary experiments showed that whereas 
treatment with equal volumes (w/v) NaNO, readily good 
and 33% (v/v) acetic acid 20° for was more difficult 

this Excess nitrous acid was destroyed the addi- 

and tion 0-5 ml. (w/v) ammonium sulph- sample the violacewm amino sugar 
amateand repeated shaking Themixture hydrochloride was dissolved water 
was diluted with water 4ml. and the and acetic acid (0-1 ml.), phenylhydrazine 
sugar formed ml. sample) was identified the (120 mg.) and sodium acetate (180 mg.) were added. 
reaction Dische Shettles The reaction mixture was heated for min. 
(1948). strong absorption with maximum 100°, and the insoluble material was filtered off, 
400 was found, which characteristic methyl- and dried. This was redissolved hot 
pentoses. Glucosamine, which was included (v/v) ethanol, cooled and, after had stood 
the above test control, gave the for some weeks, mg. the product was 
absorption that characteristic recovered. Rather than lose material attempts 
hexoses. purify this recrystallization, the product was 


Periodate oxidation. Formaldehyde 
detected the specific method 
Gibbons (1953) the products formed 
oxidation the sugar with periodate for hr. 
the dark 20°. Glucosamine, which was included 
control, gave under the same conditions about 
98% the theoretical yield formaldehyde. 
oxidation with periodate 3-8 moles were consumed 
and 2-6 moles formic acid were produced for each 
mole amino sugar. Glucosamine, which was 


dissolved 0-5 ml. ethanol and diluted ml. 
with chloroform; this solution was placed 
column CaCO, (length internal diam. 
3-2 and eluted with chloroform containing 
(v/v) ethanol (Jorgensen, 1950). Three bands 
separated the order brown, pink, yellow; the last 
was recognized the osazone from preliminary 
runs with various osazones. This fraction was 
collected, evaporated small volume, run again 
through the column ensure complete separation 


included control, consumed from the other components and finally recovered 

periodate during the oxidation mole and mg.). 

moles formic acid. Thus mole the amino The infrared-absorption spectrum this 
loride) consumed mole less periodate and (Fig. 4A) closely similar that 


mole less acid than did mole 


phenylfucosazone (Fig. 4B), the only difference 


> 


734 
Wave no. 
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Fig. Infrared-absorption spectra osazones 
Elmer Model spectrophotometer, NaCl prism, samples 
incorporated KCl disks). Phenylosazone the 
amino sugar isolated from violaceum (NCTC 7917) 
rhamnosazone. 


small amount impurity the phenylfucosazone 
standard. These spectra differ markedly from that 
(Fig. 

The only figure found the literature for the 
optical rotation was 
Raschig, 1929). Initially this could not con- 
firmed, but later, figure —66+5° (c, 1-0; 
pyridine ethanol was obtained with freshly 
made solution. After the solution had stood for 
the figure dropped about 60% the 
initial value, i.e. 5°. The violaceum 
product, however, gave the approximately equal 
but opposite rotation, (c, 1-0; 
was subsequently found under the 
same conditions for sample 
azone prepared from 


DISCUSSION 


The specific lipopolysaccharide Chromobacterium 
violaceum (NCTC 7917) unusual that con- 
tains two sugars, (Davies, 
1957) and amino sugar, which have not pre- 
viously been found Nature. Evidence has also 
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been obtained for the presence glucose, galactose 
and glucosamine. 

Hydrolysis the lipopolysaccharide with 
acetic acid resulted the separation soluble 
degraded polysaccharide from insoluble material 
which contained ether. 
insoluble phospholipid. Glucosamine 
detected hydrolysates the degraded polysac- 
charide when these were analysed for amino sugars 
chromatography columns Zeo-Karb 225 
resin. The phospholipid fraction was, however, 
shown the same method contain much 
greater proportion glucosamine than did the 
lipopolysaccharide. would thus appear that the 
phospholipid part the lipopolysaccharide con- 
tains all the glucosamine. Ikawa, Koepfli, Mudd 
Niemann (1953) have previously demonstrated the 
presence glucosamine the lipid part 
lipopolysaccharide isolated from 
Escherichia coli. 

Analysis the lipopolysaccharide and degraded 
polysaccharide for the presence N-acetyl amino 
sugar the method Aminoff al. (1952) 
positive result. Lipopolysaccharide that had been 
hydrolysed with acid for hr. gave, 
after heating for with alkali, maximum 
colour intensity equivalent 18% 
glucosamine. This material contained 16% 
amino sugar estimated glucosamine, which 
corresponds N-acetylglucosamine. Thus 
unless the N-acetyl derivative the new amino 
sugar gives, weight for weight, much greater 
colour than N-acetylglucosamine, would appear 
that the amino sugar occurs naturally its 
acetyl derivative and form which readily 
released mild acid hydrolysis. 

The amino sugar was separated from the neutral 
sugars present the hydrolysed degraded poly- 
saccharide elution from column Zeo-Karb 
225 resin. was isolated 
crystalline hydrochloride with analytical com- 
position which indicated that was probably 
methylpentosamine. After deamination 
nitrous acid the sugar reacted with sulphuric acid- 
cysteine (Dische Shettles, 1948) give chro- 
mophore with absorption spectrum identical 
with that methylpentose. Although hexos- 
amines not give chromophores with sulphuric 
acid—cysteine, treatment with nitrous acid produces 
2:5-anhydro sugar which probably the first 
product the reaction between hexoses and sul- 
acid. Oxidation mole the sugar 
and mole acetaldehyde were formed, but 
formaldehyde appeared. These results, together 
with the fact that the sugar gave absorption 
spectrum the Rondle Morgan (1955a) test 
which was identical with that glucosamine, 
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indicate that the sugar 2-amino-2:6-dideoxy- 
hexose. The infrared-absorption spectrum the 
phenylosazone formed the sugar was not 
appreciably different from that phenylfucosazone, 
and the rotation indicates that the The 
sugar thus either 
tose since both 
these would give the same osazone. The infrared- 
absorption spectrum the amino sugar resembled 
that fucose but not that 6-deoxytalose. More- 
over, the molecular rotation consistent with 
the p-galactose configuration (D-galactose, 
p-fucose, +224) but 
not consistent with the D-talose configuration 
talosamine, thus concluded that the 
sugar 
amine). Whereas occurs frequently 
Nature, the p-form has not been reported con- 
stituent bacterial polysaccharides. 
amine closely related structurally, however, 
p-galactosamine, which frequent occurrence. 
Another derivative has recently been 
recognized component some bacterial poly- 
saccharides. This abequose (Westphal Liideritz, 
1953, 1954; Fromme, Himmelspach, Liideritz 
Westphal, 1957), which has now been shown 
quey 1958). 

Fucosamine can distinguished from glucos- 
amine, galactosamine and muramic acid, which are 
the only other 2-amino sugars known occur 
naturally bacteria, its chromatographic 
behaviour paper and columns Zeo-Karb 225 
resin. The peak volume (ml. effluent) which 
amino sugar eluted from column Zeo-Karb 
225 may expressed relation that glucos- 
amine. The resultant ratio (‘the Value’) 
characteristic the sugar and independent 
column length, amount resin and the hydro- 
acid normality used for elution, least 
within the range the 
for muramic acid, galactosamine and fucosamine 
are 1-21 and 1-94 respectively (Crumpton, 
1958). 


values 


SUMMARY 


The specific lipopolysaccharide Chromo- 
bacterium violaceum (NCTC 7917) was extracted 
from acetone-dried cells with warm aqueous 
phenol. Mild acid hydrolysis the lipopolysac- 
charide resulted the separation specific 
degraded polysaccharide from 
soluble phospholipid. 

amino-2-deoxyaldose sugar which occurs naturally 
its N-acetyl derivative; glucosamine, 
D-mannoheptose, glucose and galactose are also 
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present. Glucosamine not present the de- 
graded polysaccharide. 

The acid-hydrolysate the degraded poly- 
saccharide was separated into neutral and amino 
sugar fractions passage through Zeo-Karb 225 
resin. 

The crystalline hydrochloride the new 
amino sugar was isolated, and, elementary 
analysis, deamination, periodate oxidation and 
examination its phenylosazone, was shown 
hydrochloride 
hydrochloride). 


are greatly indebted Professor Reichstein, 
University Basle, for gifts methylpentose sugars and 
Henderson for his advice and encouragement. 
wish thank Belton this Establishment for 
growing the bacteria used this work, Strange 
for analyses and Thomas, Chemical Defence 
Experimental Establishment, Porton, for the infrared- 
absorption spectra. The technical assistance Mrs Joan 
Shergold and Manstone gratefully acknowledged. 


REFERENCES 


Biochem. 46, 426. 

Biochem. J. 51, 379. 

Barker, 8S. B. & Summerson, W. H. (1941). ./. biol. Chem. 
138, 535. 

biol. 230, 81. 

497. 

Crumpton, Lond., 180, 605. 

Crumpton, (1958). Biochem. 69, 

Davies, D. A. L. (1956). Biochem. J. 63, 105. 

Davies, Nature, Lond., 180, 1129. 

Dische, (1953). biol. Chem. 204, 983. 

Dische, Shettles, (1948). biol. Chem. 175, 
595. 

Fiske, 
375. 

Fouquey, C., Lederer, E., Liideritz, O., Polonsky, J., 
Staub, A. M., Stirm, S., Tinelli, R. & Westphal, O. (1958). 
C.R. Acad. Sci., Paris, 246, 2417. 

Freudenberg, Raschig, (1929). 
Ges. 62, 373. 

Fromme, I., Himmelspach, K., Liideritz, Westphal, 
(1957). Angew. Chem. 69, 643. 

Gardell, (1953). Acta chem. 207. 

Goebel, Jesaitis, (1952). exp. Med. 96, 425. 

Hough, L., Jones, J. K. N. & Wadman, W. H. (1950). 
chem. Soc. 1702. 

(1953). Amer. chem. Soc. 75, 3439. 

Jeanloz, R. W. & Forchielli, E. (1951). J. biol. Chem. 188, 
361. 


Soc. 80, 


Subbarow, (1925). biol. Chem. 66, 


Ber. dtsch. chem. 


dle 
ial 
ot 
er, 

ve, 

yl- 

ich 
1us 
ter 

ily 

ral 

ith 
id 

ces 
rst 
gar 
cid 

no 
her 
ion 
est 
ne, 


Kent, (1957). Biochem. 67, 

Kuhn, R., Gauhe, Baer, (1954). Chem. Ber. 87, 
1138. 

Ma, Zuazaga, (1942). Industr. Engng Chem. 
(Anal.), 14, 280. 

562. 

Markham, (1942). Biochem. 36, 790. 

Muir, (1957). Biochem, 65, 

Partridge, (1948). Biochem. 42, 238. 

61, 


59, xiii. 

N.Y., 82, 734. 

Sneath, (1956). gen. Microbiol. 15, 70. 

van Tamelen, E., Dyer, R., Carter, E., Pierce, 
Daniels, (1956). Amer. chem. Soc. 78, 4817. 

Weidel, Hoppe-Seyl. 299, 253. 

Westphal, Liideritz, Abstr. 6th Int. Congr. 
Microbiol., Rome, 22. 

Westphal, Liideritz, (1954). Angew. Chem. 66, 407. 

Westphal, O., Liideritz, Bister, (1952). 
148. 


| 
4 
4 
| 
| 


& 
| 
| | 
i. 
qr. 
7. 
B, 


Vol. 


ABRAHA 
citrat 
sine 
ASKONA 
use 
body 
AYRES, 
sterol 


acid 
Barry, 
177 
mino: 
BELLAY 
tissue 
the 
BERNIE 
from 
BIGGER 
study 
inhib 
487 
of am 
Brrr, 
of am 
BLUMBI 
LOGE 
acid 
of col 
BowNE 
reacti 
meth 
Bray, 
of sor 
the 


urine 


| 


Vol. 


737 


Index Authors 


Entries marked with asterisk (*) refer communications made title only. 
Pages Proceedings the Biochemical Society are distinguished 


The effects the hyaluronic acid complex 
the distribution ions 236 

The permeability isolated rat-liver mito- 
chondria the metabolites pyruvate, succinate, 
citrate, phosphate, adenosine 5’-phosphate and adeno- 
sine triphosphate 718 

isolated perfused lungs immunized rabbits. The 
use acids study the dynamics anti- 
body secretion 212 

The biosynthetic preparation [16-*H]aldo- 
sterone and 230 


acid normal and leukaemic human blood 163 

Barry, The source proline for casein biosynthesis 
177 
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bacilli (Swallow, Abraham, P.) 364 

(Brooksbank, L., Haslewood, D., Pollock, 

Anthocyanins, spectral methods characterization 
(Harborne, 

Antibody, formation of, isolated perfused lungs im- 

Armeria maritima see Thrift 

Arum maculatum, cytochromes and respiratory enzymes 
mitochondria from spadix (Bendall, 381 

Ascorbic acid, distribution of, normal and leukaemic 
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ascorbic acid (Barkhan, Howard, 163 


Calcium, metabolism of, calves (Smith, 201 

Canavanine and related compounds Leguminosae (Bell, 
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mon, B.) 529 

Lactobacillus species, cell walls of, formation 
succinyl)-lysine from (Swallow, Abraham, P.) 
364 

Leaves, chlorotic, metabolism (DeKock, 
Morrison, 266, 272 

Lecithin, hydrolysis of, Penicillium notatum phospho- 
lipase preparation (Dawson, 559 

Lecithin, ox-heart, unsaturated fatty acids (Gray, M.) 
425 

Leguminosae, canavanine and related compounds (Bell, 
A.) 617 

Leucine decarboxylase, Proteus vulgaris, inhibition of, 
660 

Leucoanthocyanins, biogenesis condensed 
based (Roux, Evelyn, R.) 344 

Leucofisetinidin, isolation of, from wood Schinopsis 
quebracho-colorado (Roux, Evelyn, R.) 344 

kinetics reaction of, with methyl- 
hydrazine (Bradbury, H.) 252 

Leukaemia, distribution ascorbic acid normal human 
blood and blood patients with (Barkhan, 
Howard, N.) 163 

Lipid component, active, heart-muscle preparation 
(Pumphrey, M., Redfearn, Morton, A.) 

Liver, animal and human, synthesis bilirubin glucuronide 
(Lathe, Walker, M.) 705 

Liver, goat, effect cyanide biosynthesis ascorbic 
acid enzyme preparation from (Chatterjee, B., 
Ghosh, J. J., Ghosh, N. C. & Guha, B.C.) 509 = 

Liver, guinea-pig, labelling acids cell-sap 
protein cell-free system from (Simkin, L.) 305 


tannins 
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Liver, mammalian, effect bacterial activator phos- 
Eggleston, V.) 397 

Liver microsomes, aged, reactivation of, and 
adenosine triphosphate (Gosselin, Popjak, G.) 

Liver microsomes, rat, enzymic hydroxylation naphth- 
alene (Booth, Boyland, E.) 681 

Liver mitochondria, rat, isolated, permeability of, 
the metabolites pyruvate, succinate, citrate, phosphate, 
adenosine and adenosine triphosphate 
(Amoore, E.) 718 

Liver, rat, fractionation proteins microsomes of, 
means non-ionic detergent (Cohn, Butler, V.) 
254 

Liver, rat, inhibition protein synthesis in, 
nitrosamine vivo (Magee, N.) 606 

Liver, rat, perfused, catabolism plasma albumin 
(Cohen, Gordon, H.) 544 

Liver, rat, preparation deoxyribonucleic acid—protein 
complexes from homogenates (Kirby, 8.) 260 

Locust, desert, production esterase inhibitor from 
schradan fat body (Fenwick, L.) 373 

Locust (Schistocerca gregaria), desert, structure and meta- 
bolic properties tissue preparations from (Bellamy, 
D.) 580 

Lubrol fractionation microsome proteins with (Cohn, 

Lungs immunized rabbits, perfused, isolated, formation 


Magnesium ions, apparent activation heart-muscle 
transaminase (Turner, M.) 

Magnesium, metabolism of, calves (Smith, H.) 201 

Magnesium, production secondary potassium depletion, 
sodium retention, nephrocalcinosis and hypercalcaemia 
deficiency (MacIntyre, Davidsson, D.) 456 

Magnesium, reactivation aged liver microsomes 
adenosine triphosphate and ions manganese and 
(Gosselin, Popjak, G.) 

Maize seedlings, etiolated, illuminated, incorporation 
tene (Goodwin, W.) 612 

Malate, effect silica oxidation of, rat-liver homo- 

Maleic hydrazide, inhibition mitosis reaction of, with 
sulphydryl groups (Hughes, Spragg, P.) 205 

Malic dehydrogenase developing chick embryo (Solo- 
mon, J. B.) 529 

Mammary gland, formation acetoacetate homogenates 
(Terner, C.) 402 

Manganese, reactivation aged liver microsomes 
adenosine triphosphate and ions magnesium and 

acids, metabolic formation of, from w-halo- 
genoalkylbenzenes and related alcohols the rabbit 
(Bray, G., James, Thorpe, V.) 570 

Metals, bivalent, catalysis transphosphorylation ions 
(Lowenstein, M.) 222 

Metals, inhibition transmethylase 
(Maw, A.) 168 

Methionine, characteristics enzymic carboxyl activation 
(Rendi, R., Milia, Fronticelli, C.) 

2-Methyladenine, occurrence and distribution of, ribo- 
nucleic acids (Littlefield, Dunn, B.) 642 

6-Methylaminopurine, occurrence and distribution of, 
ribonucleic acids (Littlefield, Dunn, B.) 642 

Methylhydrazine protein solvent (Bradbury, H.) 252 

Methylhydrazine, reaction peptides and insulin with 
(Bradbury, H.) 252 

incorporation of, into 
illuminated etiolated maize seedlings (Goodwin, W.) 
612 
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Mevalonic acid, biosynthesis cholesterol from (Gosselin, 

Microsomes, liver, aged, reactivation of, and 
adenosine triphosphate (Gosselin, Popjak, G.) 

Microsomes, rat-liver, enzymic hydroxylation naphth- 
alene (Booth, Boyland, E.) 681 

Microsomes, rat-liver, fractionation proteins of, 
means non-ionic detergent (Cohn, Butler, 

254 

Milk, estimation iodine (Rodgers, Poole, B.) 
463 

Mitochondria, cytochromes and respiratory enzymes in, 
from spadix Arum maculatum (Bendall, 381 

Mitochondria, preparation and properties of, from Schisto- 
cerca gregaria (Bellamy, D.) 580 

Mitochondria, rat-liver, isolated, permeability of, 
the metabolites pyruvate, succinate, citrate, phosphate, 
adenosine 5’-phosphate and adenosine triphosphate 
(Amoore, E.) 718 

Mitosis, inhibition of, reaction maleic hydrazide 
with sulphydryl groups (Hughes, 205 

Monoethenoid fatty acids, determination of, blood 

Monohalogenobenzenes, formation premercapturic acid 
from (Knight, Young, L.) 111 

Muscle, diaphragm, effects insulin, anaerobiosis and cell 
poisons uptake glucose and release potassium 
(Randle, Smith, Howard) 490 

Muscle, heart, active lipid component (Pumphrey, M., 

Muscle transaminase, heart-, apparent activation of, 
magnesium ions (Turner, M.) 

Myrobalans, cell-wall polysaccharides (Hathway, 


Naphthalene, enzymic hydroxylation of, rat-liver micro- 
somes (Booth, Boyland, E.) 681 

Naphthalene, formation premercapturic acid from 

Nephrocalcinosis, production of, magnesium deficiency 
(MacIntyre, Davidsson, D.) 456 

Nerve, cockroach, phosphorus compounds of, and the effect 

Neurospora crassa, metabolism nicotinamide 
Sarma, 196 

Neurotoxins, separation and properties of, from venom 
tiger snake Notechis scutatus scutatus (Doery, 

Nicotinamide, metabolism of, Neurospora crassa 
daram, K., Rajagopalan, Sarma, 196 

acid, metabolism of, Newrospora crassa (Sun- 

Non-phosphorylated lipids iced cod (Lovern, 
Olley, J.) 

Noradrenaline, association of, with blood platelets (Weil- 

Notechis scutatus scutatus see Tiger snake 


Oak-bark tannins (Hathway, E.) 

Oestriol and isolation from pregnancy urine 

Organic acids, content of, chlorotic and healthy leaves 
(DeKock, Morrison, I.) 272 


Osmotic pressure, high, media having, protection 


Staphylococcus aureus from some effects penicillin 
(Hancock, R.) 

Ovalbumin, native and denatured, reactivity free amino 
groups in, towards fluorodinitrobenzene (Steven, 
Tristram, R.) 179 

Oxaloacetate, sensitive method for estimation (Kal- 
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further studies transamination with, 
animal tissues (Rowsell, Corbett, K.) 

acid from succinyl-coenzyme and glycine (Brown, 
313 

isolation of, from urine pregnant 
women (Layne, Marrian, F.) 244 


Panther, Indian, component acids and glycerides depot 
fat (Pathak, Trivedi, N.) 103 

Panthera pardus fusca see Panther, Indian 

Penicillamine, effect of, synthesis 5-aminolaevulic 
acid (Laver, G., Neuberger, Udenfriend, 

Penicillin, protection Staphylococcus aureus from some 
effects of, media high osmotic pressure (Hancock, 


Penicillinase, bacterial, intermediates the biosynthesis 


(Pollock, Kramer, M.) 665 

Penicillium notatum phospholipase preparation, hydro- 

Peptides, reaction of, with methylhydrazine (Bradbury, 
252 

pH, effect variations in, activities C-esterase (Berg- 
mann, Rimon, 339 

Phenolic acids cacao, separation and 
cation of, paper chromatography (Griffiths, A.) 
120 

Phenylalanine, incorporation of, into microsome proteins 
(Cohn, Butler, V.) 254 

Phenylfucosazone, infrared spectrum (Crumpton, 
Davies, L.) 729 

Phenylhydrazine, metabolism (McIsaac, M., 

Phenylhydrazones, metabolism (McIsaac, M., Parke, 

Phenylrhamnosazone, infrared spectrum (Crumpton, 

Phosphatase, acid, comparison enzymic catalysis by, 
with non-enzymic catalysis acid values (Morton, 
150 

Phosphatases, 
139 

Phosphate esters uterus (Cawkwell, M.) 248 

Phosphate esters, spectrophotometric methods for esti- 
mation (Morton, K.) 134 

Phosphate, permeability isolated rat-liver mitochondria 

Phosphocreatine, enzymic synthesis (Cori, O., Traverso- 
Cori, A., Lagarrigue, Marcus, F.) 633 

Phospholipase preparation from Penicillium notatum, 
hydrolysis lecithin (Dawson, C.) 559 

Phospholipids iced cod (Lovern, A., Olley, 
Watson, A.) 

Phospholipids, ox-heart, separation and composition 

Phosphomonoesterases, alkaline, purified, 
(Morton, K.) 139 

Phosphorolysis, effect bacterial ator on, citrulline 
mammalian liver (Krebs, A., Jensen, 
Eggleston, V.) 397 

Phosphorus compounds cockroach nerve and the effect 

Phosphorus, incorporation of, into fractions Escherichia 
coli made centrifuging and chemical means 

Phosphorylcholine, presence of, extracts rabbit uterus 
(Cawkwell, 248 

Phosphorylethanolamine, presence of, extracts rabbit 
uterus (Cawkwell, M.) 248 

Plant flavokinase, studies (Giri, V., Krishnaswamy, 


substrate-specific, studies with (Morton, 
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Plasma, catabolism albumin of, perfused rat liver 
(Cohen, Gordon, H.) 544 

Plasma-clearing factor, production of, vitro (Hall, A.) 
oP 

Plasmalogens, ox-heart, structure (Gray, 425 

Plasmalogens, presence of, heart (Gray, 
Macfarlane, 409 

Platelets, blood, association adrenaline with (Weil- 

Polyethenoid fatty acids, determination of, blood 

multiflorum, isolation azetidine-2-carb- 
oxylic acid and evidence for occurrence 
butyric acid (Fowden, Bryant, M.) 626 

Polypaenoloxidase oak cambium (Hathway, E.) 

Polys vecharide, specific, of Chromobacterium violaceum, 
isolation p-fucosamine from (Crumpton, 
Davies, L.) 729 

Polysaccharides, acidic, 5-formylfuroic acid and carbazole 
reaction for (Bowness, M.) 107 

Polysaccharides, cell-wall, myrobalans (Hathway, 

Polysaccharides, characterization of, isolated from forest 
soils (Bernier, B.) 599 

Potassium concentration kidney-cortex slices, effect 
low-sodium media (Whittam, Robinson, R.) 

Potassium, effects insulin, anaerobiosis and cell poisons 
release of, isolated rat diaphragm (Randle, 
Smith, Howard) 490 

secondary depletion of, produced mag- 
nesium deficiency Davidsson, D.) 456 

Pregaancy, isolation 168-hydroxyoestrone and 16-oxo- 
F.) 244 

Young, L.) 

Proline, source of, for casein biosynthesis (Barry, M.) 
177 

Protein, cell-sap, labelling acids of, cell- 
free system from guinea-pig liver (Simkin, L.) 305 

Protein, insulin incorporation amino acids 
into, rat diaphragm vitro (Manchester, 
Young, 353 

Protein, effect various metabolites incorporation 
vitro labelled amino acids into, normal rat dia- 
phragm (Manchester, Young, 297 

complexes, alcohol-stable, egg yolk 
(McIndoe, M.) 

Protein synthesis, inhibition of, rat liver 
nitrosamine vivo (Magee, 606 

Proteins, fibrillar, cod, molecular weight and shape 
(Connell, 

Proteins microsomes rat liver, fractionation of, 
means non-ionic detergent (Cohn, Butler, 

Pyridoxal phosphate, changes content of, cells 
Bacillus sphaericus during growth sporulation 
(Powell, F.) 

Pyridoxal phosphate, toxopyrimidine phosphate in- 
hibitor bacterial enzyme systems requiring (Haughton, 

Pyruvate, acyl-coenzyme cofactor oxidation 
(Peel, L.) 

Pyruvate, further studies transamination with, 
animal tissues (Rowsell, Corbett, K.) 

Pyruvate, permeability isolated rat-liver mitochondria 


Rattlesnake venoms, relationship certain enzymes in, 
mechanism action these venoms (Radomski, 
Deichmann, B.) 293 


Riboflavin, incorporation 
(acetoin) into ring of, (Good- 

Ribonucleic acids, occurrence and distribution thymine 
and three methylated-adenine bases (Littlefield, 
Dunn, B.) 642 

Italian, bound amino acids protein-free ex- 
tracts (Synge, Wood, J.C.) 321 


Schinopsis species, wood (Roux, 

Schistocerca gregaria see Locust 

Schradan, production esterase inhibitor from, fat 
body desert locust (Fenwick, L.) 373 

Serine, determination of, phospholipids (Collins, 
Wheeldon, W.) 

Serum, blood, microdetermination fatty acids 

Serum, estimation iodine (Rodgers, Poole, 
463 

Silica, soluble, effect of, metabolism rat-tissue pre- 

Skatole, association malabsorption syndrome and certain 
anaemias with presence small intestine bacteria 

Skatole, excretion sulphatoxy derivative of, patho- 
logical states man (Dalgliesh, E., Kelly, 
Horning, 

Sodium, media low in, the potassium concen- 
tration kidney-cortex slices (Whittam, Robinson, 

Sodium, effect media with low concentration of, 
potassium concentration kidney-cortex slices (Whit- 

Sodium, retention of, produced magnesium deficiency 
(MacIntyre, Davidsson, D.) 456 

Soils, forest, characterization polysaccharides isolated 
from (Bernier, B.) 590 

Spadix Arum maculatum, cytochromes 
tory enzymes mitochondria from (Bendall, 
381 

Staphylococcus aureus, inhibition cell-wall synthesis in, 
chemicals which cause accumulation wall pre- 
cursors (Park, T.) 

Staphylococcus aureus, protection of, from some effects 
penicillin media high osmotic pressure (Hancock, 
R.) 

Staphylococcus aureus, purification free coagulase 
(Duthie, Haughton, G.) 125 

Starch, anaerobic synthesis of, from glucose tobacco-leaf 

Streptococcus haemolyticus, physicochemical properties 
hyaluronic acid formed (Blumberg, S., Ogston, 

Strontium, concentration of, eye tissue (Sowden, 
Pirie, A.) 716 

Strontium non-skeletal tissues (Sowden, M.) 712 

Succinate, permeability isolated rat-liver mitochondria 

Succinyl-coenzyme formation acid 
from, particles from chicken erythrocytes (Gibson, 

Sulphydryl group, non-protein, influence bacterial exo- 
toxins content of, animal tissues (Gerwing, 
Long, A.) 652 

Sulphydryl groups, inhibition mitosis reaction 
maleic hydrazide with (Hughes, Spragg, P.) 
205 


Tannins, condensed, biogenesis of, based leucoantho- 
cyanins (Roux, Evelyn, R.) 344 
Tannins, oak-bark (Hathway, 
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Theobroma cacao, chromatographic separation and identifi- 
cation phenolic acids and (Griffiths, A.) 
120 

transmethylase (Maw, A.) 168 

Thrift maritima), some observations hydroxy- 
pipecolic acid from (Fowden, L.) 629 

Thymine, occurrence and distribution of, 
acids (Littlefield, Dunn, B.) 642 

Tiger snake scutatus scutatus), separation and 
properties neurotoxins from venom (Doery, M.) 
535 

Tobacco-leaf disks, anaerobic synthesis starch from 

enzyme systems that require pyridoxal phosphate 

Transaminase, heart-muscle, apparent activation of, 
magnesium ions (Turner, M.) 

Transamination, further studies on, with pyruvate and 
Corbett, K.) 

Transphosphorylation, catalysis of, bivalent metal ions 
(Lowenstein, 222 

Tricarboxylic acid cycle, nature of, yeast (Stoppani, 
dote, L.) 438 

acid cycle, relationship of, synthesis 
acid avian-erythrocyte preparations 
(Brown, 313 

1:1:1:Trichloro-2:2-di-(p-chlorophenyl)ethane, phosphorus 
compounds cockroach nerve and the effect (Heslop, 

acid and related substances 
(Haslewood, D.) 551 

Triphosphopyridine nucleotide, reduced, role of, pro- 
duction esterase inhibitor from schradan locust 
(Fenwick, L.) 373 

Tumour-promoting principle from croton oil (Lijinsky, W.) 

Tyrosine decarboxylase, Streptococcus faecalis, inhibition 
of, toxopyrimidine phosphate (Haughton, 
King, K.) 660 
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Ubiquinone (Fahmy, Hemming, W., Morton, 

Ultraviolet light, effect milk-fed calves irradiation 
with (Smith, 201 

Uridine wheat seedlings (Keys, J.) 

463 

Urine, human, occurrence 

from, pregnant wcmen (Layne, 
Marrian, F.) 244 

Uronic acids, 5-formylfuroic acid and reaction for 
(Bowness, 107 

Uterus, phosphate esters (Cawkwell, 248 


Valine, accumulation of, during inhibition aminopterin 
Aerclacter aerogenes and its utilization recovery 
(Webb, M.) 472 

Venom, separation and neurotoxins from, 
tiger snake 525 

Venoms, cobra and rattlesnake, relationship enzymes 
293 

Vitamin B,, total, changes in, Bacillus sphaericus during 
growth and sporulation (Powell, F.) 

Vitamin dietary, effect of, milk-fed calves 
201 


463 

Wheat seedlings, uridine diphosphokinase (Keys, J.) 


X-rays, effect of, cultured cells (Dickson, M., Paul, 
Davidson, 


Yeasts, assimilation carkon dioxide (Stoppani, 
dote, L.) 438 
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Activation plasma contact with glass: evidence for com- 
mon reaction which releases plasma kinin and initiates coagulation. 


Micro-electrode studies cerebellar electrical activity the frog. 


The relation between end-plate depolarization and the repetitive 
response elicited the isolated rat phrenic nerve-diaphragm preparation 
DFP. 


GRAYSON, and KINNEAR, Vascular and metabolic responses the liver 
insulin. 


menstrual fluid and endometrial curettings. 


BAIRD, SHEILA and The simultaneous occurrence certain 
changes uterine and renal activity dogs, and the role oxytocin 
these phenomena. 


Bowman, and ELEANOR. The effects adrenaline, noradrenaline 
and isoprenaline skeletal muscle contractions the cat. 


Coats, A., and The ionic balances and 
transferences the sheep’s parotid gland during maximal stimulation. 


Gastric after portal venous ligation. 


The effects methylpentynol ethanol drinking and water 
metabolism rats. 


body chemoreceptors heart rate the dog. 


The behaviour frog muscle hypertonic solutions. 
and Fatr, Membrane permeability change during inhibitory 
transmitter action crustacean muscle. 
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N-METHYLPHENAZONIUM METHOSULPHATE 


FOR ELECTRON TRANSPORT 


Dickens and Mcllwain (Biochem. 32, 1615 (1938)) described 
the preparation number compounds phenazine, including 
N-methylphenazonium methosulphate, and their use substitutes 
for the old yellow enzyme the oxidation hexose monophos- 
phate. They also determined the oxidation-reduction potentials the compounds prepared 
and found that methosulphate, and 30°, had +0-080 

N-Methylphenazonium methosulphate has since been used electron acceptor carrier 
reactions. Green al. (J. biol. Chem. 217, 551 (1955)) used acceptor 
for particulate succinic dehydrogenase preparations, while Singer al. (Henry Ford 
International Symposium: Enzymes, Units Biological Structure and Function, 419 (1956)) used 
acceptor for soluble succinic dehydrogenase extracted from mitochondrial acetone powders 


with mildly alkaline buffers. 

The use N-methylphenazonium methosulphate acceptor the determination 
succinic dehydrogenase activity has been reviewed detail Singer and Kearny 
(Methods Biochemical Analysis, 312 (1957)). These workers draw attention the necessity 
protecting the compound, both when dry and aqueous solution, from exposure light. 
They recommend, moreover, that solutions glass-distilled water, not neutral buffers, 
should stored frozen state. They also point out that succinic dehydrogenase rapidly 
inactivated when the compound allowed react with the enzyme the absence succinate, 
the inactivation being due reaction with —SH groups the enzyme. 

The redox characteristics phenazines are discussed Elderfield (Heterocyclic 
Compounds, 666 (1957): New York: John Wiley Sons, Inc.; London: Chapman Hall, Ltd.). 
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PROCEEDINGS THE BIOCHEMICAL SOCIETY 


The 375th Meeting the Society was held the Department Biochemistry, The University, 
Friday, July 1958, when the following papers were 


COMMUNICATIONS 


(Department Biochemistry, The University, Liverpool 


was extracted from kg. pig heart. The 
infrared absorption consistent with 
stituted quinone (Morton, Wilson, Lowe Leat, 
1957), while comparison its known properties 
(Morton al. 1957, 1958) with those other 
naturally occurring quinones (Thompson, 1957) 
rather than naphthoquinone derivative. 

catalytic hydrogenation, ubiquinone took 
1:32 moles H,/100g. and ubihydroquinone di- 
acetate (m.p. 37°) took H,/100 
100 mg. ubiquinone was hydrogenated and the 
product, perhydro-ubihydroquinone, was oxidized 
with ethanolic ferric chloride perhydro-ubi- 
(quinone quinol). This gives molecular weight 
890 for ubiquinone which, therefore, must have 
ten double bonds the side chain(s). 

Analytical results for the quinone and the hydro- 
quinone diacetate fit (mol.wt. 849) for 
ubiquinone. There are also two methoxyl groups 
(Zeisel) and least eight carbon-methyl groups 

Ubiquinone appears have the same chromo- 
phore 2:3-dimethoxy-5:6-dimethylbenzoquinone, 
aurantiogliocladin (Baker, McOmie Miles, 1953). 
The ultraviolet absorption spectra both show 
272 approx. 000; 407 mp, 

receipt Agricultural Research Council Research 
Studentships. 


2200; but ubiquinone has, addition, inflexion 
approx. 1200. This inflexion not 
present the spectrum perhydro-ubiquinone and 
must due the effect unsaturation the 
side chain(s). The quinols have identical spectra: 
Amax, approx. 4400; and 256 
approx. 1100. 

The action alkali ubiquinone has been 
described (Morton al. 1957), and has been 
found that aurantiogliocladin shows the same 
changes slightly faster rate. Using the iso- 
dimethoxytoluquinones model substances, 
the absorption spectra ethanol and sodium 
ethoxide support the view that ubiquinone 
2:3-dimethoxy-p-benzoquinone derivative. This 
means that the side chain(s) must with 
ten double bonds and least eight methyl groups, 
probably being isoprenoid nature. Degradation 
studies are being carried out. 


min, 


Specimens quinones have been kindly made available 
Professor Wilson Baker and Professor Birkinshaw. 
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REDFEARN and Morton. (Department Biochemistry, The University, Liverpool 


pig heart-muscle preparation was obtained 
essentially according the method Morrison, 
Crawford Stotz (1956). Repeated extraction 
the preparation with organic solvents, such 
isooctane light petroleum, led progressive 
loss succinate- and DPNH-cytochrome 
reductase activities. Spectrophotometric exami- 
nation the extracts showed fairly sharp selective 
absorption with maximum 272 mp. Chromato- 


a 


graphic and chemical tests indicated that the sub- 
stance mainly responsible for this absorption was 
ubiquinone (Morton, Wilson, Lowe Leat, 1957, 
1958). See also Crane, Hatefi, Lester Widmer 
(1957) and Hatefi, Lester Ramasarma (1958), 
who use the name mitoquinone. 

order test the possibility that ubiquinone 
may function active member the electron- 
transport system the pure substance was added 


’ 
| 
| 
| | 


enzyme preparations which had been extracted 
with organic solvents. 
ubiquinone was able restore the activities 
succinate- and DPNH-cytochrome reductase but 
consistent results were not obtained. 

More rigorous proof that ubiquinone active 
participant the system was obtained incu- 
bating the enzyme preparation, the presence 
with succinate DPNH. The preparation 
was then extracted with containing 
n-butanol and the extract examined spectrophoto- 
metrically. was found that the absorption 
maximum after incubation had shifted from 272 
275-280 and that the intensity absorption 
had decreased. Subtraction from this absorption 
the corresponding curve untreated control 
revealed the disappearance selective absorption 
These spectral changes correspond 
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those obtained chemical reduction 
Thus reduction the enzyme system with succin- 
ate DPNH results reduction endogenous 
ubiquinone. This strong evidence that ubiquinone 
member the electron-transport system and 
supports the recent report Hatefi al. (1958). 
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Inhibition Cell-Wall Synthesis Staphylococcus aureus Chemicals which cause Accumu- 


lation Wall Precursors. 


James 


(M.R.C. Unit for Chemical Microbiology, 


Department Biochemistry, University Cambridge) 


Staphylococcus aureus cells, the presence 
glucose, uracil, buffered salts and the amino acids 
alanine, glycine, glutamic acid and 
corporate these amino acids into the mucopoly- 
saccharide-peptide component the cell wall 
rate comparable with that rapidly growing cells, 
whereas the rate incorporation into protein and 
nucleic acid greatly reduced. Under these condi- 
tions the rate incorporation lysine into the 
wall inhibited least 80% 5yg./ml. peni- 
glycine, and 85% chlortetracycline. 
Chlortetracycline lower concentrations inhibited 
protein synthesis without effect wall syn- 
thesis. Only the tetracyclines, and not chloram- 
phenicol, inhibited incorporation lysine into 
protein (i.e. that part which insoluble hot 
trichloroacetic acid and 75% ethanol and then 
rendered soluble with trypsin). 

The compounds which inhibited incorporation 
lysine into the wall fraction also caused marked 
accumulation the uridine 5’-pyrophosphate 


acetyl amino sugar derivatives which are believed 
tion our early observations the accumulation 
phenomenon with penicillin and chlortetracycline, 
Abraham (personal communication) 
recently shown accumulation similar uridine 
derivatives aureus inhibited bacitracin, 
and Ciak Hahn (1958) observed similar effect 
with oxamycin. 

Comparable results were obtained with the other 
amino acids and also complete growth medium, 
though the latter case the effects may slightly 
less marked and the presence complete 
amino acid mixture chloramphenicol inhibits 
protein synthesis about 90% The 
data reported here provide more direct evidence for 
relationship between accumulation cell-wall 
components and actual interference with cell-wall 
synthesis. 

National Post-doctoral 
Fellow. 


Science Foundation Senior 
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Lipid Changes Iced Cod. Phospholipids. Lovern, JuNE and HELEN 


(Torry Research Station, Aberdeen) 
Cod flesh contains total lipid, which 
50-65 phospholipid (Garcia, Lovern Olley, 
1956). Gutted cod were stored ice for 
days, samples withdrawn periodically, the flesh 
lipids extracted and fractionated chromatograph- 
ically silicic acid. The fractions were identified 


analytically and elution characteristics. Very 
little lipolytic activity any sort could de- 
tected for about the first days. During this 
period there was decrease ester groups the 
non-phosphorylated lipids and total phospholipids 
Free fatty 


decreased about 10%. 
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duction approximately matched phospholipid 


breakdown. Between and days, when 
bacterial multiplication maximal, marked break- 
down phospholipids occurred; and 40% 
respectively two experiments. days 
minimal level phospholipids had been reached 
the fish, with values and 28% the original 
two series. Throughout this period there was 
evidence, analytical chromatographic, any 
change the proportions the remaining phos- 
vholipids, their nature. particular there 
was accumulation lysophosphatides, phos- 
acids diglycerides. After days little 
any further decrease phospholipid content 
and the final phospholipid mixture 
closely resembled the initial one, namely about 
40% lecithin, 20% phosphatidylethanolamine, 
22% unidentified nitrogenous phospholipids, 
phospholipids not based simple glycerophos- 
phate, and traces phosphatidylserine and phos- 
phoinositides. The only change was the appearance 
after days small amount unidentified 


base accompanying the choline the lecithin 
fraction; possibly attributable phospholipid 
bacterial origin. Production free fatty acid was 
equivalent phospholipid degraded throughout the 
days the other, after which partial destruction 
free fatty acids occurred, with further change 

Hence under these conditions enzymic degrada- 
tion appears occur the same rate all the 
various phospholipids present and affect both 
fatty acid ester linkages. The finding Dawson 
(1958) may noted, that phosphoinositides and 
polyglycerol phosphatides, both which occur 
cod-flesh lipids (Garcia al. 1956), catalyse the 
removal both fatty acids phospholipase 
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Lipid Changes Iced Cod. Non-Phosphorylated Lipids. and JUNE 


(Torry Research Station, Aberdeen) 


During prolonged storage gutted cod ice, 
marked changes were observed the free and 
esterified cholesterol and free fatty acids the 
flesh, but not other non-phosphorylated lipids 
(cf. Garcia, Lovern Olley, 1956). Free fatty acids 
are produced bacterial breakdown phos- 
pholipids (see preceding abstract), with pronounced 
effect their mean iodine value. This rose from 
initial value 156 maximum 290 after 
days, subsequently declining about 215. 
Cardin Bordeleau (1957) noted that production 
free fatty acids salted cod involved rise 
their mean iodine value from 139 211, inex- 
plicable their assumption triglyceride break- 
down tissue enzymes. 

Free sterol decreased throughout the storage 
period, reaching about one-twelfth its initial 
value after days. Esterified sterol increased 
steadily with one marked interruption. The extract 
prepared after days (the only sample between 
and days) contained virtually esterified 
sterol, its place being taken yet unidenti- 
fied, non-ester substance, eluted from the chro- 
matogram under the same conditions sterol 
esters and hydrocarbons. This finding cannot 


attributed one abnormal fish, each sample con- 
sisting three fish, none which after days 
could have contained any esterified sterol. The 
general increase esterified sterol not due 
simple esterification free cholesterol. Total 
sterols fell about the first days, then 
slowly rose again, apart from the days sample, 
finally reaching values only 10-15% below the 
initial one. Free cholesterol was thus lost initially 
faster than esterified sterol was being formed. 
with the days’ sample, the intermediate product 
seemed eluted with the sterol ester-hydro- 
fraction, the sum which and the free 
cholesterol fraction remained approximately con- 
stant throughout. ‘Sterol’ the above means 
precipitable with digitonin and reacting colori- 
metrically like cholesterol. 
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The Action Elastase the Chain Insulin. 


(Department Biochemistry, University Cambridge) 


Crude elastase, prepared extracting pancreatin 
described Lewis, Williams Brink (1956), 
was purified carboxymethylcellulose column 
using acetate buffer, 4-5. 
The molarity the buffer was increased steps 
the addition sodium chloride. 
peak possessing all the elastase activity was eluted 
with 

Assays were performed suspension 
elastin powder dyed with Congo red. The amount 
elastin digested Na,CO, buffer (pH 8-8) was 
determined centrifuging and reading the optical 
density the supernatant 495 

The rate hydrolysis fraction oxidized 
insulin was measured Carlsberg auto-titrator. 
initial rapid reaction was recorded which 
slowed down when the amount alkali added 
corresponded one bond split. The reaction was 
stopped adjusting 3-4. Two peptides 
were separated from the hydrolysate paper 
electrophoresis. 

Member the External Staff the Medical Research 
Council. 


NH, NH, 


The action carboxypeptidase one these 
peptides resulted the liberation leucine and 
alanine. This result, together with the amino acid 
composition the peptides, identified paper 
chromatography hydrolysates, showed rapid 
initial split between leucine and tyrosine the 
the chain (position When the 
reaction was allowed proceed further, more 
peptides were found after electrophoresis the 
hydrolysate. From their amino acid composi- 
tion, the positions cleavage the chain were 
deduced. 

The results are summarized the diagram below. 
The main points cleavage are indicated solid 
lines, sites weaker activity being denoted 
broken lines. Elastase activity completely 
inhibited 
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The B-Chain Oxidized 
University Cambridge) 


Meedom (1956) has shown that performic acid 
oxidation splits «-chymotrypsin into three peptide 
chains. have isolated the largest these, the 
homogeneous boundary electrophoresis, and the 
amino acid composition has been determined 
ion-exchange chromatography. contains two 
the three arginine residues, eleven the twelve 
lysine residues and six the ten cysteic acid 
residues the enzyme. The minimum molecular 
weight, calculated from the analysis, 100 
compared with 100 for chymotrypsinogen. The 
active centre chymotrypsin commonly 
believed involve unique histidine and serine 
residue, both which are present the B-chain. 

The B-chain has spectrum similar that 
oxidized glycyltryptophan, and possible 


(Department Biochemistry, 


the tryptophan content this 
spectrum. this way the B-chain found 
contain 6-5 tryptophan residues, compared with 
7-1 the whole enzyme. 

Digestion the B-chain chymotrypsin 
8-0, 25°, was followed autotitrator, and 
the reaction was stopped after approximately 
twelve bonds/mole were split. With 50% ethanol 
3-6, the digest yields precipitate 
(‘core’) very large acidic peptide peptides, 
and supernatant which consists almost entirely 
fourteen smaller peptides. The latter have been 
purified high-voltage paper electrophoresis and 
paper chromatography, their 
sequences have been studied. Nine peptides have 
unique sequences which account for the 186 
residues the B-chain, while five more peptides 
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may arise further digestion these nine. All 
them probably derive from the C-terminal end 
the B-chain, since none contain the N-terminal 
Val sequence. They account for both arginine 
residues and ten the eleven lysine residues, but 
contain neither the two histidines. Most the 
cysteic acid and proline residues are present the 
‘core’, which must also contain the sequence 
around the ‘active’ serine. 

Hence the elements the ‘activating site’ 
chymotrypsin are present the ‘core’, which 


Tumour-Promoting Principle from Croton Oil. 


sequence deficient basic amino acids, probably 
the N-terminal half the B-chain, having 
possibilities complex folding due cystine and 
proline residues. 


should like thank Rees for amino acid analysis 
the B-chain, and Miss Lewis for technical assistance. 


Meedom, (1956). Acta chem. scand. 10, 881. 


Chicago Medical School, Chicago, Illinois, U.S.A.) 


Fractionation croton oil (obtained methanol 
extraction croton seeds) chromatography 
silica gel resulted concentration the tumour- 
promoting activity into two fractions together 
constituting 27% the oil. Further chromato- 
graphy silica, weakened admixture with 
calcium carbonate, produced active fractions which 
represented 15-fold concentration the activity 
the original oil. third chromatography these 
fractions silica gave several fractions which 
three, together comprising less than the 
original oil, were active. 

One these fractions was separated into 
inactive crystalline material and active mother 
liquor. treatment with methanol the cold 
further crop crystals was obtained. These 
crystals melted 68—70° and constituted highly 
active tumour-promoter. the substance 
applied during weeks twice-weekly paintings 
was sufficient produce tumours half the initi- 
ated animals. The concentration the material 
was 0-015 acetone. This crystalline compound 


will analysed quantitatively. quite possible 
that other tumour-promoting substances are present 
croton oil. 

Distillation the mother liquor the active 
material vacuo 200° yielded 
highly active distillate and inactive residue. 
Therefore, the tumour-promoting activity 
thermostable. destroyed oxidation, re- 
duction and acid alkaline hydrolysis. These 
tests were carried out one the active fractions, 
not the substance. 

Tumour-promoting activity was tested groups 
five ten mice initiated with single applica- 
eral oil, which inadequate produce tumours 
without further treatment (Saffiotti Shubik, 
1956). The fractions were tested acetone solution 


concentrations equivalent croton oil. 
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The Production Plasma Clearing Factor vitro. (Nuffield Gerontological Research 


Unit, University Leeds) 


the past, clearing factor has been produced only 
vivo the injection polyacidic substances 
into animals. Proof that the fraction 
elastase (Hall, 1957) could form complex 
with elastic tissue and certain serum components 
enabled Saxl (1957) demonstrate histochemic- 
ally that played part the disruption 
chylomicrons tissue. 

can also shown that lipaemic serum clearing 
factor can obtained the use The sub- 
strates employed for the evaluation clearing 
activity have included lipaemic (human) serum 


(induced single high lipid meal), lipaemic 
chicken serum (following prolonged feeding 
diet containing cholesterol) and synthetic 
emulsions arachis and olive oils stabilized the 
inclusion Tween egg lecithin preparations. 
The results are expressed terms the percentage 
reduction optical density 625 after incu- 
bation for hr. 37°. 

Three polysaccharides have been successfully 
employed: chondroitin sulphuric acid, heparin and 
the uncharacterized mixture polysaccharides 
liberated from elastic tissue elastase. Serum 


| 

| 

| 
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fractions have been obtained ammonium 
sulphate precipitation and characterized paper 
electrophoresis. Pure elastase fractions were also 
obtained paper electrophoresis, although for 
many the results preparation obtained 
dialysis acid pancreatic extracts (see following 
abstract) have been used. 

The following observations have been made; 

(1) viiro clearing factor production requires 
the simultaneous presence acid polysac- 
charide and serum component. Limited activity 
ean obtained with alone acting human 
serum, but not with the other substrates. 
Since both lipaemic sera contain adequate concen- 
trations suitable polysaccharide, the failure 
clear chicken serum with alone must due 
lack the necessary serum component. 

(2) Preparations rich are most active. 


PROCEEDINGS THE BIOCHEMICAL SOCIETY 


(3) The polysaccharide liberated from elastic 
tissue more effective than either chondroitin 
acid heparin; the relative degrees 
clearing being 85, and respectively. 

(4) The most active fraction serum one rich 
Although there evidence that 
part the globulin enters into the clearing factor 
complex, other proteins may necessary act 
receptor for the lipid. 

suggested that the interaction the muco- 
lytic component elastase, acid polysaccharide 
and «,-globulin results the production lipo- 
protein lipase activity. 
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Gerontological Research Unit, University Leeds) 


Partridge Davis (1955) and Lewis, Williams 
3rink (1956) have ascribed proteolytic activity 
elastase, while Balo Banga (1956) and Hall 
(1953, 1957) have suggested that elastase prepara- 
tions contain both mucolytic proteolytic 
elements. Various methods have been described for 
the preparation so-called crystalline elastase 
(Lewis al. 1956; Banga Bagdy, 1958), but these 
homogeneous when examined 
electrophoretically. Hall (1957) obtained muco- 
lytic and proteolytic enzymes batch 
electrophoresis, but for full knowledge the pro- 


products are not 


perties the individual fractions, larger quantities 
are required than can obtained this method. 
This has been accomplished full for and 
part for while the methods employed have 
revealed the importance third component 
pancreas extract for the reaction. 
production entails extraction defatted 
pancreas powder with acetate buffer 4-7; 
fractional dialysis, adsorption alumina gel, 
followed elution with phosphate buffer 
9-0. The dialysis precipitation 
the active material, but the supernatant 
relatively rich source Hall (1957) demon- 
strated synergistic effect when and were 
permitted react with elastin simultaneously. The 
erude mucolytic fraction obtained after dialysis 
devoid this synergism. Fractional precipitation 


with ammonium sulphate and alcohol, adsorption 
alumina zeolite (cf. Banga Bagdy, 
have resulted the partial purification and 
have moreover demonstrated that third com- 
ponent which has very similar mobility the 
proteolytic one electrophoresis 8-7, has 
the power suppressing the synergism. 

All these fractions can characterized electro- 
phoretically and the isoelectric point the fraction 
8-5 which virtually coincides with the 
single peak the activity curve. 

Owing the interaction the various com- 
ponents elastase, difficulties are encountered 
the assessment the activity partially purified 
enzyme preparations. suggested also that 
view variations which occur the specific 
activity the enzyme with initial ratio sub- 
all previous 
expressing enzymic activity are suspect. 


strate and enzyme, 
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(Agricultural Research 


Council Unit for Microbiology, The University, Sheffield 10) 


Extracts dried cells the rumen organism 
(Elsden, Voleani, Gilchrist Lewis, 1956) break 
down pyruvate anaerobically phosphate buffer 
pH6-8, give approximately equivalent 
amounts hydrogen, carbon dioxide and acetyl 
phosphate acetic acid. The extracts will utilize 
2:6-dichlorophenol indophenol hydrogen acceptor 
and this property has been used follow pyruvate 
oxidation. 

partially purified preparation has been ob- 
tained treating the crude extract with vol. 
saturated ammonium sulphate and dissolving the 
precipitated protein phosphate 
6-8. Such preparations are only active the 
dye reduction test when extract boiled dried 
cells added the system. The boiled extract 
(Co A), diphosphothiamine, lipoic acid, pyridine and 
flavin nucleotides, adenosine triphosphate, 
and The required cofactor has been purified 
from cells the following steps: extraction 
with trichloroacetic acid, precipitation the 
ethanol-insoluble barium salts, fractionation with 
charcoal, gradient elution from Dowex with 
and removal NaCl with cellulose 
column using (v/v) aqueous ethanol eluting 
agent. 

The purified cofactor preparation contains 
the sulphanilamide acetylation test (Kaplan 
Lipmann, 1948). free was detectable but 


the presence thio ester was indicated by: (a) the 
release free after mild alkaline hydrolysis; 
fall extinction over the range 
after alkaline hydrolysis; (c) the formation 
hydroxamate treatment with neutral 
amine. Chromatography the hydroxamate 
formed showed two main components: these have 
not been rigorously identified but are believed 
the acetyl and derivatives. 

The natural cofactor can replaced syn- 
thetic acetyl-CoA (prepared from acetic anhydride 
and CoA according Stadtman, 1957) but not 
acetyl phosphate plus CoA. presumed that 
phosphotransacetylase not present 
ammonium sulphate-precipitated enzyme prepara- 
tion. These results suggest that acid must 
activated before can oxidized this 
system. This may occur transfer CoA 
give pyruvyl-CoA which then oxidized and re- 
generates acetyl-CoA follows: 


acetyl-CoA pyruvate pyruvyl-CoA acetate 


REFERENCES 


D. (1956). J. Bact. 72, 681. 

Kaplan, Lipmann, (1948). biol. Chem. 174, 37. 

Stadtman, (1957). Methods Enzymology, 931, 
Academic Press Inc. 


Further Studies Transamination with Pyruvate a-Oxoglutarate Animal Tissues. 


Transaminations with acids and pyru- 
vate washed fresh rat-liver extracts have been 
reported (Rowsell, 1951, 1956). Using dialysed 
mouse-liver homogenates, have observed the 
same specificity pattern transaminations with 
pyruvate obtains for rat liver. 
(80), (106), (114), 
histidine (62), L-tyrosine, L-arginine, L-ornithine, 
and were active amino donors with 
aspartate. (Numbers parentheses are examples 
rates alanine formation mouse 
liver/hr., with and 
amino acid). Cat-liver homogenate did not promote 
transaminations pyruvate except with 
glutamate and but all acids 
tested gave transaminations with «-oxoglutarate. 


(Department Biochemistry, The University, Sheffield 10) 


dialysed homogenates rat heart, brain and 
skeletal muscle, only was active 
transamination with pyruvate. With rat kidney 
L-arginine, L-ornithine, (see also Quastel Witty, 
1951), and were the only amino donors 
with pyruvate. 

and p-Isomers phenylalanine, methionine, 
and isoleucine have been tested amino donors 
with «-oxoglutarate rat-kidney homogenates, 
and and p-phenylalanine and methionine with 
pyruvate rat-liver homogenates. Only the 
isomers were effective transamination. 

Dialysed homogenates rat heart, brain and 
skeletal muscle were less effective than kidney 
liver 
glutarate. 


transaminations with «-oxo- 
For example, the following rates 
pmoles glutamate/g. tissue/hr. have been observed 
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9-5 and for and with 
muscle, for with kidney, and for 
L-phenylalanine with liver. However, have 
estimated the total muscle the rat 47% body 
weight (cf. liver and kidneys 
Spector, 1956). Taking this into account con- 
that vivo skeletal muscle (together with 
heart and brain), may make substantial contribu- 
tion the total body transamination 
acids with «-oxoglutarate, with the production 
readily metabolized glutamate. fact, the 
intact animal these organs may assist con- 
siderable extent the transdeamination 


Alcohol-Stable Protein-Lipid Complexes Egg Yolk. 
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amino acids, the transfer groups 
L-aspartate, and thus indirectly urea formation. 


One (K.C.) indebted the Medical Research 
Council for grant. 
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Poultry 


Research Centre, West Mains Road, Edinburgh 


Lipoproteins and phosphoproteins are important 
constituents egg yolk (Warner, 1954). The tissue 
proteolipids Folch Lees (1951) are more stable 
than are lipoproteins and Chargaff 
Cohen (1939) have commented the difficulty 
extracting all phospholipid from yolk protein. 
Lipovitellenin, which contains phospholipid, 
was prepared from yolk Fevold Lausten 
(1946), observations being made its stability 
alcohols prior drying. 

Chloroform/methanol (1:1, v/v) extracts 
TCA-extracted yolk, addition several volumes 
water, yield precipitate which collects the 
inter-phase centrifugation. This fraction can 
dissolved addition methanol and reprecipi- 
tated addition water. (The preparative pro- 
cedure similar that Lees (1951) for 
the preparation proteolipid.) The material 
(fraction has ratio N/P and accounts for 
yolk solids. Lipid, extracted with chloro- 
form/methanol (1:1, v/v) from vacuum-dried pre- 
parations, accounts for 45% and largely, not 
wholly, phospholipid. The 
alkali. may, therefore, represent contaminating 
phospholipid and not phosphoprotein. The analysis 
reminiscent that for lipovitellenin. 

Ethanol/ether (3:1, v/v) extracts yolk, pre- 
viously extracted with TCA, yields precipitate 
addition ether. The precipitate, after washing 
with water and ether has N/P ratio about 


(fraction 0-5% yolk solids). 
forms part fraction 

Much smaller amounts material can ob- 
tained from yolk with chloroform/methanol 
ethanol/ether without prior extraction. 
However, the N/P ratio these very low, 0-5 
less (fraction III). This fraction interesting 
view reports phosphatides containing amino 
acids other than serine (see, for example, Westley, 
Wren Mitchell, 1957) which have similar N/P 
ratio. 

Preliminary observations suggest that fractions 
corresponding and III yolk occur hen 
plasma common with other yolk constituents. 

Apart from the intrinsic interest these com- 
plexes, they give rise difficulties the gross 
analysis biological material. Added interest 
provided the observation Hendler (1958) that 
certain amino acid-containing lipid fractions may 
concerned protein synthesis. 


probably 
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Apparent Activation Heart-Muscle Transaminase Magnesium Ions. 


TURNER 


(introduced Frank (Department Biochemistry, University Leeds) 


enzymic systems requiring pyridoxal phosphate 
coenzyme, requirement for metal ions has been 
established several cases, but others 
considered that the apoenzyme may fill the role 
played metal ions model systems (Metzler, 
Ikawa Snell, 1954). Until recently was con- 
cluded that transaminases did not require metal 
ions for activity. Reports Happold Turner 
(1957), and Patwardhan (1958), suggested that 
and ions respectively, might involved 
the reaction mechanism glutamic-oxaloacetic 
transaminase. Each reported capable 
increasing apparent enzyme activity, 300% 
the case ions. 

Using purified heart-muscle transaminase pre- 
parations (Cammarata Cohen, 1951), and 
employing and aspartate sub- 
strates, has been shown that the equilibrium 
constant for the reaction apparently changed 
the presence ions. This suggested that 
side-reaction was involved, and has been demon- 
strated, using spectrophotometric methods, that 
under the conditions employed for transamination, 
ions catalyse the non-enzymic decarboxyl- 
ation oxaloacetate. has also been shown that 
Mg?+ ions decrease the apparent activity the 


enzyme when oxaloacetate and glutamate are used 
substrates. The activity glutamic-pyruvic 
transaminase unaffected ions. The 
stability the glutamic-oxaloacetic enzyme pre- 
parations has been demonstrated unaffected 
ions. 

thus suggested that the reported effects 
metal ions glutamic-oxaloacetic transamination 
are due non-enzymic side-reaction. The con- 
siderable effect ions the apparent 
activity the enzyme should emphasized, 
particularly view the increasing clinical 
applications serum-activity measurements 
diagnostic tool (Ticktin, Ostrow Evans, 1957). 
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DEMONSTRATION 


Apparatus fer Flash Photolysis. 
Sheffield 10) 


The apparatus intended for irradiating fairly 
concentrated solutions cells with short path 
length mm.). The cells and the flash tubes 
are enclosed integrating box and the obser- 
vation beam and the photolysis light pass through 
the solution roughly parallel paths. Photolysis 
each two argon-filled tubes using con- 
densers. The observation beam from 6v, 108w 


ribbon-filament tungsten lamp passes through the 
solution and focused the entrance slit 
Hilger 246 monochromator. Changes optical 
density the solution following flashing are 
recorded with E.M.I. photomultiplier type 
5659, cathode follower and Cossor 1049 oscillo- 
graph and camera. Temperature control over the 
range provided. 
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The 376th Meeting the Society was held the Chemistry Lecture Theatre, Imperial College Science, 
London, Saturday, October 1958, when the following papers were 


COMMUNICATIONS 


Anaerobic Synthesis Starch from Glucose Tobacco Leaf Disks. 
and (Research Institute Plant Physiology, Imperial College Science and 


Technology, London, S.W. 


The well-known oxygen requirement for the syn- 
thesis starch and sucrose from glucose leaf 
tissue the dark may explained synthesis 
depends the coupling oxidative 
ation mitochondria with the formation phos- 
phorylated intermediates, the expense adeno- 
sine triphosphate (ATP) (Porter, 1953). The dis- 
covery Arnon (1956) and colleagues that illumi- 
nated chloroplasts also effect phosphorylation but 
process which neither produces nor requires 
oxygen, suggested that intact tissue should 
possible circumvent the oxygen requirement for 
starch synthesis simply illuminating under 
anaerobic conditions. 

Synthesis starch, sucrose and fructose has 
been accomplished tobacco leaf disks infiltrated 
with radioactive glucose and held reduced 
air pressure for 24hr. light 
about 600 foot-candles. The anaerobiosis existing 
this ‘vacuum’ completely prevented synthesis 
darkness, and compared with many plant tissues 


Under Fellowship from the National Research Council 
Canada. 


tobacco leaf exhibited very low capacity for 
fermentation. The difference between the CO, 
released darkness and light accounted for less 
than the carbon incorporated into the 
carbohydrates light. Added proof that the 
starch and sugars were derived directly from the 
substrate glucose and not 
was obtained the use glucose labelled 
carbohydrate products their component carbon 
atoms showed that the assymetry label the 
substrate was largely retained. 

Illuminated tobacco leaf tissue ‘vacuum’ 
thus provides anaerobic system which 
extensive glucose anabolism proceeds indepen- 
dently respiration photosynthesis. The 
results imply production ATP photophos- 
phorylation vivo and formation glucose 
phosphate the first step synthesis from 
glucose. 
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Uridine Diphosphokinase Wheat Seedlings. (Research Institute Plant 
Physiology, Imperial College Science and Technology, London, S.W. 


Uridine diphosphokinase, first demonstrated 
Berg Joklik (1953) yeast extracts, catalyses 
the transfer phosphate from adenosine triphos- 
phate (ATP) uridine diphosphate (UDP) 
form uridine triphosphate (UTP). Some evidence 
for the presence this enzyme plants has been 
reported (Burma Mortimer, 1956; Ganguli 
Hassid, 1957; Ganguli, 1958), but case was 
isolation the enzyme attempted. 

Investigation the enzyme activities crude 
extracts wheat seedling scutella has revealed the 
presence uridine diphosphokinase, together with 
enzymes associated with the currently accepted 
mechanism sucrose synthesis from glucose. 

Scutella, sliced from seedlings detached from the 
endosperms after hr. germination, were homo- 


genized and acetone powders 
prepared from the homogenates. The high activity 
such preparations illustrated results ob- 
tained with extract made grinding 0-4 
acetone powder with 
buffer 5-0 0°. The extract was centrifuged 
and ml. the clear supernatant was neutralized 
with NaOH, dialysed overnight against 
phosphate buffer 7-3 and then diluted 
times. Digests total volume (pH 
21°) contained 0-04 ml. extract with 0-1 
The presence UTP and adenosine diphosphate 
(ADP) was demonstrated after min. incubation. 
After approximately equal amounts 
ATP, ADP, UTP and UDP were present, the 
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nucleoside monophosphates being hardly detect- 
able. UTP was formed when ATP was omitted, 
when boiled extract was used. The slow appear- 
ance the nucleoside monophosphates attri- 
buted phosphatases. 

Nucleotides were detected two-dimensional 
paper chromatography. Whatman no. papers, 
air-dried 25° after soaking ammonium 
sulphate, were developed for hr. with propan-2- 
ol-1% ammonium sulphate (3:2, v/v) (Anand, 
Clark, Hall Todd, 1952) and for 6hr. the 
second direction with saturated ammonium sul- 
phate—water—propan-2-ol vol.) (Mark- 
ham Smith, 1951; Deutsch Nilsson, 1953). 

Treatments low and elevated temperature 
failed free preparations from interfering phos- 
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phatases. Ammonium sulphate fractionation was 
partly successful. studies indicate 
that the enzyme has broad optimum between 
and 
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Interchange the Terminal Carbon Atoms Glucose Promoted Cell-Free Extracts 


Barley Scutella. 
Institute and Department Plant Physiology, 
The distribution labelling sucrose and poly- 
saccharides isolated from plant tissue incubated 
with glucose labelled with particular carbon 
atoms led the suggestion that part the hexose 
involved synthesis had been reformed from 
triose phosphates (GAP and DHAP) reversal 
part the glycolytic cycle (Edelman, Ginsburg 
Hassid, 1955; Shibko Edelman, 1957). 
Cell-free extracts prepared from barley scutella 
will phosphorylate glucose the presence high 
concentration adenosine triphosphate (ATP) with 


(Research 
Imperial College Science and Technology, London, 


interchange carbon atoms. Barley prepara- 
tions which will perform only these reactions have 
not been obtained, but complete isotopic equilibra- 
tion between carbon atoms and occurred wher. 
such preparations acted upon 

the concentration ATP high equili- 
brium rapidly reached and maintained between 
the F1:6-P and hexose monophosphates. Since 
equilibration label reached between carbons 
one involving continuous breakdown ATP. 


ATP ADP 
ATP ADP 


formation glucose 6-phosphate (G6-P), fructose 
6-phosphate and fructose 1:6-diphosphate 
has now been shown that 
glucose substrate there rapid interchange 
between carbon atoms and similar that ob- 
served vivo. The system used contained 
ATP, 1-7 0-75 ml. 
barley extract per ml. 7-5 and approximately 
equal amounts were found carbon atoms 
and after hr. The interchange was associated 
with formation thus phosphorylation 
glucose G6-P using yeast hexokinase, followed 
isomerization was not accompanied 


Additional evidence for this scheme was ob- 
tained diluting the with carrier, and the 
rapidity turnover further indicated the 
necessity for adding large excess over 
glucose 18:1 before any considerable re- 
duction interchange occurred. 
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and (Postgraduate Medical School, Ducane Road, London, 12) 
When the aromatic components human urine skatole mildly acid pH. 
isolated charcoal adsorption and separated skatole with iron—ascorbic acid system 
paper chromatography with Clark, Axelrod Brodie, 1954; 
water first solvent and 20% (w/v) aqueous 1955b) gives mixture free 
second solvent (Dalgliesh, 1956) many 5-hydroxy- 
logical urines are found contain this hydroxyskatole mixture 
giving the paper characteristic cobalt blue liver supernatant fraction gives mixture 
colour with Ehrlich’s reagent, and red colour with O-sulphates identical with that formed 
Van den Bergh’s reagent. The substance falls oxidation. hydrolysis 
the intersection the diagonals, and its O-sulphate from human urine, 
cretion accompanied excretion from persulphate oxidation skatole, gives 
3-hydroxyacetophenone O-sulphate (Dalgliesh, product identical with from 
1955a). Excretion shows high correlation with acid oxidation. The iron—ascorbic 
various anaemias, spontaneous Heinz body forma- acid system has been applied numerous 
tion, and the malabsorption syndrome. substituted indoles and every case the typical 
The substance relatively unstable and mixed and 7-hydroxylation has 
break down products. been found. 
hydrolysis gives inorganic sulphate and another 
indole which highly unstable. The instability has thank the Medical Research Council and Guggenheim 
prevented complete purification either indole, Foundation for support. 
but high degree purification has been achieved 
and the reactions have been extensively studied. REFERENCES 
mixture metabolites including the O-sulphates Dalgliesh, (19556). Arch. Biochem. 58, 214. 
obtained chemically persulphate (1954). biol. Chem. 208, 731. 
The Association Skatole-forming Bacteria the Small Intestine with the Malabsorption 
Medical School, Ducane Road, London, 12) 

Patients with variety disorders, but particu- soluble substances. The skatole further meta- 
larly with the malabsorption syndrome, certain bolized the tissues the host, and probably 
anaemias and spontaneous Heinz body formation, considerable extent the cells the gut wall, 
have been found excrete metabolites skatole. and the derived x-hydroxyskatole and 2-amino-3- 

low levels skatole production, the principal hydroxyacetophenone are then conjugated with 

metabolites excreted man are the O-sulphates sulphate. 
and 2-amino-3-hydroxyaceto- Both hydroxyskatoles and 2-amino-3-hydroxy- 
phenone preceding abstract), and high levels have been found damaging 
there addition excretion indolecarboxylic haemoglobin, both free and red cells (we thank 
acid, 5-hydroxyskatole O-sulphate, another White for these experiments) and pre- 
still unidentified metabolites. Antibiotic consider likely that after formation the 
treatment which improves the clinical cell, and before detoxication 
results elimination the excretion metabolites can cause impairment 
metabolites. Changes the chromatographic cellular activity and interference with the transport 
picture during treatment will described. processes involved transfer food substances 
The metabolites arise from formation skatole across the gut wall. The lipid-soluble nature 
bacteria that have invaded the small intestine makes such damage particularly likely 


which, unlike the large intestine, absorbs lipid- 


occur cells concerned with lipid absorption. 
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seems probable that the various degrees the 
malabsorption syndrome, the extreme 
severe tropical sprue, may caused exacer- 
bated chronic activity this nature over 
period time, that such activity may predispose 
other causes. Effective treatment such dis- 
orders may require not only replacement factors 
(such vitamin folic acid) which have 


become deficient through non-absorption, but also 
alteration the ‘climate’ the small intestine 
ensure long-term elimination skatole-producing 
bacteria. 


thank the Guggenheim Foundation and the Medical 
Research Council for support; and Professor Dacie 
and the staff the Department Haematology for much 
valued co-operation. 


and (Guy’s Hospital Medical School, London, S.E. and 
(Organon Laboratories Ltd., Newhouse Motherwell, Lanarkshire) 


For work aimed quantitative study the 
occurrence the above androstenol human 
urine required (a) method preparing this 
steroid and (b) chemical reaction suitable for its 
estimation. 

(a) convenient route was: 


POCI, 
pyridine 


aldehyde) has proved promising; seems likely 
that with this substance useful and simple 
quantitative method can devised. 

The authors thank Callow, F.R.S., for generous 
advice. One them indebted the Medical 


Research Council for grant. 


androsterone acetate C-17-cyanohydrin (m.p. 


(crude) acid 


(compare Sondheimer, Mancera, Urquiza Rosen- 
kranz, 1955). The overall yield androstenol was 

(b) For estimation urine, have made pre- 
liminary study the value the blue colour 
produced with aromatic aldehydes, 
H,SO, and acetic acid (Miescher, 1946). 
aldehyde, resorcylaldehyde (2:4-dihydroxybenz- 


chromit 
quinoline 
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The Incorporation (Acetoin) into Ring Riboflavin Eremo- 
thecium ashbyii; New Route for the Biosynthesis Aromatic Ring. Goopwin 
and (Department Biochemistry, The University Liverpool, Liverpool 


Eremothecium ashbyii rings and ribo- 
flavin arise route very similar that taken 
the purines, and the immediate precursor 
probably diaminouracil closely related com- 
pound (see Goodwin, 1958). has been 
synthesized chemically condensing 5-amino-4- 
methylaminouracil with the aldol derived from the 
two molecules diacetyl, and ring-closing the 
resulting pteridine with acid 
(Birch Moye, 1958). The possibility that this 
similar reaction sequence represents the 
biosynthetic route has been examined using 
Jacetylmethylearbinol synthesized modi- 
fication the method Brady, Rabinowitz, 
Baalen Gurin (1951). 


The labelled acetoin was added shake 
cultures and the riboflavin isolated 
hr. later. The purified material was degraded 
according the methods Plaut b). The 
labelling was confined entirely ring none 
being found ring the ribityl side chain. 
One half the activity resided the methyl 
carbons ring and there was significant 
randomization, i.e. activity C-6 and C-7, 
reasonable assume that the remainder the 
activity confined C-5 and C-8. These results 
indicate that vivo pathway flavinogenesis 
exists which has similarities with that devised 
Birch Moye for the chemical synthesis 
flavin. 
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Further evidence which indicates that acetoin 
(or diacetyl) the precursor ring includes: 
(a) the identification acetoin metabolite 
(Masuda, 1957, and our own unpublished 
work); (b) the observation that the labelled acetoin 
more efficiently incorporated into ring than 
precursor acetoin, produced from pyruvate 
(A. Horton, unpublished observations); (d) 
formate, which can incorporated into the methyl 
group the benzene ring certain mould pro- 
ducts, e.g. mycophenolic acid (Birch, English, 
Massy-Westropp, Slaytor Smith, 1958) not 
incorporated into the methyl groups riboflavin 
and (e) generally labelled acid not 
specifically incorporated into ring 

possible route for formation ring that 
initially one molecule acetoin condenses with 
diamino-uracil derivative (probably 4-ribitylamino- 
5-aminouracil) (diaminouracil itself meta- 
form which has 
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been isolated from cultures ashbyii and 
which, according recent isotope experiments, 
probably precursor (G. Plaut, personal 
communication). This compound could then con- 
dense with second molecule acetoin yield 
riboflavin. 


thank the Agricultural Research Council for financial 
assistance and Neish for generous gift 
shikimic acid. 
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Protection Staphylococcus aureus from some Effects Penicillin Media High Osmotic 
Pressure. (introduced (M.R.C. Unit for Chemical Microbiology, 
Department Biochemistry, University Cambridge) 


Estimations the total amino acid pool, and 
chromatographic analyses thereof, have shown 
that, after addition 0-6 penicillin/ml. the 
medium during the growth Staphylococcus 
aureus Duncan, the pool content proline, aspartic 
acid, and probably some other amino acids, falls 
simultaneously with that previously noted for 
glutamic acid Gale Taylor (1947). Rapid 
sampling means membrane filters indicates 
that the decrease pool size begins the same 
time min. after addition penicillin) the 
uptake into the cell exogenous 
glutamic acid, aspartic acid and proline (but not 
lysine) ceases; incorporation into 
tinues the expense the pool. Inhibition the 
incorporation into the cell wall 
becomes complete about the same time (15 min.). 
m-NaCl, sucrose sodium glutamate added 
during growth the same time the peni- 
cillin, then depletion the amino acid pool and 
cessation acid uptake not take 
place. does not give this protection. 

These results suggested that media high os- 
motic pressure might modify other effects peni- 
cillin aureus and the inhibition inducible 
B-galactosidase synthesis (conditions Creaser, 
1955) was therefore investigated. 

Present address: Department Bacteriology, Uni- 
versity Manchester. 


(0-6 inhibits enzyme formation 
‘young’ cells hr.). The inhibition penicillin 
does not occur the induction medium contains 
M-NaCl, M-sucrose M-sodium glutam- 
ate; M-glycerol gives protection. The degree 
protection afforded NaCl over range 
concentrations similar the degree stabiliza- 
tion Staph. aureus protoplasts (Mitchell 
Moyle, 1957); the other substances giving protec- 
tion from penicillin also stabilize such protoplasts 
while glycerol has such action. None these 
substances significantly reduces the inhibition 
penicillin cell-wall synthesis measured 
also inhibits cell-wall synthesis (Park, 1958), 
induces amino acid pool depletion and inhibits 
synthesis. Prevention these 
effects media high osmotic pressure suggests 
that interference these antibiotics with amino 
acid uptake and synthesis may 
due secondary disorganization the cyto- 
plasmic membrane following the blocking cell- 
wall synthesis. 
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Phosphorus Compounds Cockroach Nerve and the Effect DDT. and 
Ray. Pest Infestation Laboratory, London Road, Slough, Bucks) 


The labelled-pool technique Winteringham (1956) 
has been applied the study com- 
pounds Periplaneta americana nerve extracts. 
Seven days after injection carrier-free 
the abdomen each cockroach was 
opened and part the ventral nerve cord dissected 
free from other tissues. Only actively con- 
ducting cords, indicated electrical monitoring, 
were used. The cord was raised clear the animal 
hooks, the whole preparation flooded with 
liquid nitrogen and cord sample rapidly trans- 
ferred glass homogenizer immersed liquid 
nitrogen. Six ten samples were extracted three 
times with n-formic acid 50% aqueous ethanol 
and the combined extracts analysed and resolved 
into five fractions (I-V) ascending paper chro- 
matography the acetone/formic acid/water 
solvent Burrows, Grylls Harrison (1952). Some 
constituents have been tentatively identified 
co-chromatography. The amounts 
fractions II, and IV, measured radiometric 
scanning (Winteringham, Harrison Bridges, 
1952), have been expressed percentages the 
total the three fractions. Where DDT was 
used 100 was applied topically acetone 
48hr. before dissection. Animals showing 
early (Tremulous) and later (Prostrate) signs 
DDT poisoning were used. 


Identifications: Fraction I—insoluble material 
probably phosphoprotein; triphos- 
phate (ATP), adenosine diphosphate (ADP) plus 
unidentified compounds 6-phosphate, 
adenylic acid (AMP) plus unidentified compounds; 
acid plus 
unidentified compounds; V—a small amount 
unidentified material. 

mean 49-7; ITI, mean 23-1; IV, 
30-0, mean Tremulous analyses) IT, 
49-4, mean 48-1; III, mean IV, 
mean 29-4. Prostrate analyses) 
mean 43-5; III, mean 
IV, mean 34:5. 

The fall fraction prostration with the 
breakdown ATP orthophosphate but the possi- 
bility changes unidentified components 
fraction cannot excluded this stage. 
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The Effect Low-Sodium Media the Potassium Concentration Kidney-Cortex Slices. 


Medicine, University Cambridge) 


The experiments which showed that the retention 
slices kidney cortex requires respiratory 
energy were made with Ringer’s solution which 
the tissue respired vigorously (Krebs, Eggleston 
Terner, 1951; Mudge, 1951; Whittam Davies, 
1953). Robinson (1956) later showed that 90% 
reduction the concentration medium did 
not affect respiration and, find this reduction 
affected the tissue and concentrations, rat 
kidney cortex slices have been incubated for hr. 
37° the four media described Robinson 
(1956). One these balanced saline with NaCl 
the principal solute, and the other three are 
modifications made substituting choline chloride, 
choline sulphate for the NaCl. 


Beit Memorial Fellow. Present address: Cell Meta- 
bolism Research Unit, Department Biochemistry, 
University Oxford. 

Present address: Department Physiology, Uni- 
versity Otago, Dunedin, New Zealand. 


The tissue concentration after aerobic incu- 
bation was m-equiv./kg. the NaCl and Na,SO, 
media, and m-equiv./kg. the choline chloride 
and choline sulphate media. The substitution 
sulphate for chloride therefore had effect the 
tissue concentration, whilst replacement 
with choline caused 30% loss After 
anaerobic incubation, the same low level tissue 
m-equiv./kg.) was reached each medium. 
These values show that respiration facilitated the 
retention tissue the choline media. The 
tissue concentration after incubation the low- 
media was about m-equiv./kg. both aerobic- 
ally and anaerobically, contrast the respective 
values 104 and 120 m-equiv./kg. the high-Na 
media. 

Guinea-pig kidney cortex slices also lost when 
medium NaCl was partially completely replaced 
with choline chloride, but substitution with sucrose 
had little effect the tissue concentration 
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(60 m-equiv./kg.) after aerobic incubation 37°. 
both choline and sucrose media, the intra- 
cellular concentration was roughly proportional 
medium (up 120 and, after incubation 
0°, the results gave classical (Freundlich) 
adsorption isotherm with about 

These results agree with those Deyrup (1957) 
showing that tissue was retained sucrose 
medium. the absence cations the medium, 
intracellular anions would expected retain 
passively electrostatic attraction. The lower 
concentration tissue found choline media 
was probably due displacement intracellular 


Glucuronide Synthesis Fish and the Influence Temperature. 


Dundee, Scotland) 


The study various animals glucuronide syn- 
thesis involving enzymic transfer glucuronic acid 
from uridine diphosphate glucuronic acid 
glucuronic acid) acceptors (Dutton Greig, 
1957) has been extended the trout Salmo fario. 

Trout liver contained nucleotide behaving like 
acid both chromatographically 
(Storey Dutton, 1955) and transfer. 
Boiled trout-liver extract had activity 
similar guinea-pig preparations. UDP-glucuronic 
acid reported also from the marine Oncorhynchus 
tschawytscha (Tsuyuki, Chang Idler, 1958) and 
Gadus callarias (Dr Storey, personal com- 
munication). 

Trout-liver slices formed o-aminophenyl gluc- 
uronide, the conjugate being rapidly hydrolysed 
bacterial mammalian unless 
saccharo-1:4-lactone were present (see Levvy, 1952). 
Intestinal strips conjugated lesser extent, 
slight stimulation appearing with glucose but not 
with inositol. Unlike corresponding mammalian 
tissues those from the warm water Xiphophorus 
and Platypoecilus maculatis, much more 
conjugation occurred 22° than 37°, least one 
reaction overall glucuronide synthesis being 
more thermolabile trout. 

transfer from UDP-glucuronic acid 
was therefore examined trout-liver homogenates. 
Trout uridine diphosphate transglucuronylase was 
similar the mammalian enzyme optimum 
and microsomal location, but was less thermostable. 
Glucuronide formation fell rapidly 37° after 
even with microsomes, and showed 
broad ‘optimum’ under our conditions. 
this and lower values trout preparations 
differed strikingly from those mouse; strict 
comparison was difficult, fish tissues conjugating 


choline, which Maizels Remington (1958) 
have shown penetrate rapidly into kidney slices. 
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(Department Biochemistry, Queen’s College (University Andrews), 


very much less (see Maeckel, Jondorf Brodie, 
1958) and requiring more concentrated homo- 
genates. Conjugate enzyme was not preferen- 
tially destroyed these 37°, for saccharo-1:4- 
lactone had effect and added mouse-liver homo- 
genate still kept its ‘mammalian’ characteristics. 

common homoiotherms and cold-water poikilo- 
therms are few and inconclusive. Where significant 
differences thermal behaviour exist, poikilo- 
therm enzymes seem less thermostable and, over 
the environmental range, possibly less temper- 
ature-sensitive (Schlottke, 1941; Steinbach, 1949; 
Peiss Field, 1950; Komkova Ushakov, 1955; 
but see Scholander, Flagg, Walters Irving, 1953). 
Salmonidae have the very low upper lethal limit 
25° (see Brett, 1956). 


Thanks are due the Medical Research Council for 
grant covering part this work. 
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(Department Biochemistry, Glasgow University, Glasgow, 


Adult mouse subcutaneous fibroblasts NCTC 
strain clone 929 (Sanford, Earle Likely, 1948) 
were cultured evaporating dishes covered with 
thin polythene sheet, which absorbs very little 
radiation. The cells were irradiated with 
800 and then incubated 37° until radiation 
effect (giant cell formation) could observed 
microscopically. The cells were then counted and 
the total material each culture was analysed for 
deoxyribonucleic acid (DNA), ribonucleic acid 
(RNA), protein, lipid and acid-soluble material 
absorbing ultraviolet light 

The effect X-irradiation first was 
inhibit cell division that the number cells 
the irradiated cultures was much smaller than 
the controls. the other hand, the total amount 
the cell constituents per culture flask was almost 
the same control and irradiated cultures. Thus 
the irradiated cells compared with the controls 
increase the mean content DNA, RNA, 
protein, lipid and acid-soluble nucleotides was 
800 Eventually the synthesis cell components 
slowed down the irradiated cultures, possibly 
account the physical difficulties associated with 


diffusion nutrients from the 
abnormally large cells. these experiments the 
cells whole rarely contained much more than 
double the normal complement each the com- 
ponents determined although individual cells con- 
tained very considerably more than this, shown 
determinations performed 

The results suggest that the effect irradiation 
inhibit cell multiplication and that there 
specific effect the synthesis any the com- 
interest the effect irradiation nucleic acid 
metabolism, some experiments involving the in- 
corporation from formate into nucleic acid 
bases were performed. Under the conditions em- 
ployed alteration incorporation into DNA 
RNA could detected hr. after adminis- 
tration dosage 800 the cultures. 
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Changes the Cell- Wall Components the Bean Root during Development. 
(Department Biochemistry, University Cambridge)* 


micro-analytical technique for the determination 
dry weight, extractives, lignin, starch, pectic 
substances, hemicelluloses, and cellulose root 
segments the broad bean (Vicia faba, Giant 
Green Windsor) has been developed. This has been 
used segments containing cells before elonga- 
tion (2-3 mm. from the root tip), similar cells after 
elongation five times their original length 
and 5mm. segments containing 
cells later stages development (up mm.). 
Above 20mm. numbers cells per segment in- 
creased cambial activity commenced. 

During elongation lignin content was negligible 
and cellulose, pectic substances and hemicelluloses 
increased, but terms amount per unit cell-wall 
area only cellulose remained constant, the other 
decreasing about half. There was evidence 
that, Jensen (1955) had suggested, cellulose 
synthesis ceased elongation began; the rate 
cellulose deposition decreased markedly only 
about mm. substances per cell remained 

Present address: 
University Sheffield. 


Department Biochemistry, 


constant between and region 
which marked cell expansion formation 
new cells was occurring. The rate lignin synthesis 
per segment was constant above 17-5 mm., but the 
amount per cell increased rapidly between 17-5 and 
above mm. the average lignin content 
per cell was constant. 

Expressed percentages the total cell-wall 
polysaccharides measured, the pectic substances 
decreased from 48%, whilst the cellulose 
from the hemicelluloses only 
decreasing slightly throughout development. From 
mm. there was little change the average 
cell-wall composition. 

Strip electrophoresis (Fuller Northcote, 1956) 
has been used analyse further the water-soluble 
polysaccharide fractions, and three components 
have been found for the pectic substances and five 
for the water-soluble hemicelluloses. these five 
hemicelluloses, two were xylans, one which was 
detectable only cells after elongation. the 
pectic substances, one, probably galactan, in- 
creased per cell mm. and then remained 
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constant 60mm., whilst second com- 
ponent increased only during elongation. 
indebted Northcote for advice and help 


and the Agricultural Research Council for Research 
Studentship. 


REFERENCES 
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Jensen, (1955). Exp. Cell Res. 506. 


Biosynthesis Cholesterol from Mevalonic Acid. Reactivation Aged Liver Microsomes 
mental Radiopathology Research Unit, Hammersmith Hospital, London) 


has been reported previously that for the syn- 
thesis squalene and cholesterol from mevalonic 
acid liver preparations soluble enzyme fraction 
and microsomes are required the presence 
adenosine triphosphate (ATP), reduced 
di- and tri-phosphopyridine nucleotides (DPNH, 
TPNH), nicotinamide and glutathione ascorbic 
acid Gosselin, Gore Gould, 1958). 
Whilst the soluble enzymes may preserved for 
several months without deterioration 15°, the 
microsomes stored such temperatures lost much 
their power catalyse the synthesis chol- 
esterol under our standard conditions incubation 
(cf. al. 1958). 

Suspensions microsomes that appeared have 
lost their activity after months 
storage 15° can largely reactivated the 
addition the standard incubation 
mixtures (which contain in- 
enzyme system, containing freshly prepared micro- 
somes, the optimum concentration ATP was 
acid substrate (Popjak al. 1958). When aged 
preparations microsomes are employed, also 
necessary increase the concentration ATP 


order obtain the highest synthetic 
activity the preparations. Sodium fluoride, 
which had effect incubations containing fresh 
microsomes, enhanced also the activity aged 
preparations microsomes. 

Incubation freshly prepared suspensions 
microsomes phosphate buffer 
37° results inactivation, similar character 
that observed 15°, one-half the activity 
being lost full reactivation can 
achieved increasing the concentration Mg?+ 
and ATP. The results indicate the loss bivalent 
cation, the release adenosine triphosphatase and 
inhibitory substance(s) from the cell particles 
during storage, all which seriously interfere with 
the utilization mevalonic acid for cholesterol 
synthesis. Nevertheless, modifications the 
incubation mixture, possible achieve with 
4-month-old microsomes good synthesis 
cholesterol with freshly prepared particles. 


REFERENCE 


Popjak, G., Gosselin, L., Gore, Gould, (1958). 
Biochem. 69, 238. 
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NUTRITIONAL BIOCHEMICALS 


CORPORATION offers you 
quality that merits your 
service you can always rely 
the economy 
lowest possible prices. 


COMPLETE SELECTION MORE THAN 300 AMINO ACIDS 
AND PEPTIDES 


Typical Amino Acids 


Glutamine Valine, DL, 
Phenylalanine, DL, Ornithine, DL, 


Three days after your order received will 
delivered most parts Europe 
NUTRITIONAL 
BIOCHEMICALS 
CORPORATION 
21010 Miles Cleveland 28, Write for 
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AMERICAN SCIENTIFIC BOOKS 


Burgess Publishing Company, Minneapolis 


Manometric Techniques Revised Edition 


WAYNE Associate Director Merck Institute Therapeutic Research, 
end JOHN STAUFFER, Professors the University Wisconsin, al. 


Manometric Techniques has been standard reference work since 1945 and this revision covers 
thoroughly the theory and practical application Manometric Techniques. The methods for 
synthesis, isolation and analysis intermediates have been extensively revised, and chemical, 
radioisotopic and electrometric methods, The Thunberg technique, and the preparation 
tissues, homogenates and particulate fractions from cells have been included. The addition 
chapter spectrophotometry reflects the general adoption that method the study 
enzymes. new chapter describes general principles chromatography and provides rational 
basis for designing chromatographic methods. 


342 pp.; 84; illus. cloth; 52s. 


Biochemical Techniques 
FRANK STRONG, University Wisconsin 


This book designed train students the methods obtaining pure organic compounds 
from natural sources and carrying out sufficient tests and analyses establish molecular 
formulae the substances isolated. Particular emphasis given the specialized isolation 
and purification techniques and working with small quantities material (milligrain 


pp.; illus. spiral bound; 24s. 


Metabolism Steroid Hormones 


RALPH Worcester Foundation for Experimental Biology, and Boston University 
and FRANK UNGAR, Worcester Foundation for Experimental Biology 


This book the first orderly presentation facts all the known steroid hormones. deals 
with generalizations steroid metabolism humans which point the way clear under- 
standing the relationships between steroid hormones produced specific glands and the 
metabolic products that are present the urine. 


173 pages; illus. cloth; 32s. 


Metabolic Maps 


WAYNE UMBREIT, Rutgers University 


Just maps give summary quick picture topographical information many kinds, 
these metabolic maps present experimental information about the reactions which occur 
living cells; and they present this information such manner that these reactions can 
seen glance. This book valuable reference the broad fields biochemistry, bacterio- 
logy, physiology, physiological chemistry, botany and zoology. also helps students keep 
abreast developments their field providing space the volume itself for assembling 
contemporary information. 


441 pp.; cloth; 48s. 


Burgess Publishing Company, Minneapolis 


The Mayflower Publishing Co., Ltd. 


41-45 Neal Street, London, W.C. 
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Back 1948, when chromatography and electrophoresis were 
little more than intriguing words quite number people, 
Shandon recognised, with what has proved quite remarkable 
prescience, that these new techniques were two the most 
important contributions ever made the progress analytical 
chemistry. Now you run through the Shandon catalogues, you 
will find that not only the Shandon equipment for the two 
techniques the most comprehensive, but also includes many 
essential items that were actually evolved Shandon. 
ds, 
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Shandon Scientific Company Limited, Cromwell Place, South Kensington, London, S.W.7 
Tel: KNightsbridge 1131 
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SPECIAL BULLETIN 


are pleased announce 
the first complete offering 


DEOXY ADENOSINE MONOPHOSPHATE 
DIPHOSPHATE 
TRIPHOSPHATE 


DEOXY CYTIDINE MONOPHOSPHATE 
DIPHOSPHATE 
TRIPHOSPHATE 


DEOXY GUANOSINE MONOPHOSPHATE 
DIPHOSPHATE 
TRIPHOSPHATE 


DIPHOSPHATE 
TRIPHOSPHATE 


Sigma was the first the world prepare and offer truly high purity 
Ribonucleotides, only fitting that should the first prepare and 
offer the Deoxy counterparts. 

Pending refinements methods, supplies will limited. Each item will 
offered the available Salt. 


Clinical Laboratories please note: 


Rare reagents such the above are vital fundamental medical 
research. Your support Sigma great help maintaining our 
program the world’s leading producer truly fine biochemicals. 


Send your enquiries to: 
GEORGE GURR, LTD., 136-138 NEW KING’S ROAD, LONDON, S.W.6 
directly to: 


The Research Laboratories 


SIGMA 


CHEMICAL COMPANY 


3500 DEKALB ST., ST. LOUIS 18, MO., S.A. 
MANUFACTURERS THE FINEST BIOCHEMICALS AVAILABLE 
(iv) 


Portion the Sigma Reagent Catalogue 


One series advertisements which will reproduce the complete list. 
Complete list available promptly request. 
Other package sizes shown complete catalogue. 


Hemoglobin, 2 x Cryst. (Bovine) (pfs) 1 gram 6.00 

Hexokinase, Crude, Type II 
Activity about 50,000 K.M. units/gram 1 gram 6.00 

Routinely to Non-Profit Institutions 1 gram Gratis 

Hexokinase, Practical Type III 1 gram 15.00 
Activity approximately 150,000 K.M. 5 grams 67.50 
units/gram. Substantially Glucose-free 

Hexokinase, Type IV 1 gram 45.00 
May be available. Activity approx. 100mg 8.00 
300,000 K.M. units per gm 

Hexokinase, Type V 1 gram 120.00 
Activity 500-600,000 K.M. units per 100 mg 22.00 
gm. May be available 


Hexokinase—Higher Purity and Inquire 
Crystalline 

Histidine Decarboxylase (pfs) 1 gram 15.00 

Hog Kidney, Acetone Powder 10 grams 5.00 

Homogentisic Acid (pfs) Inquire 

DL-Homoserine (pfs) 1 gram 6.50 


Hyaluronic Acid, Sodium Salt (pfs) 1 gram 225.00 
(From Human Umbilical Cord) 100 mg 40.00 


High Purity 50mg 25.00 
Hyaluronidase (pfs) Bovine Testes 500mg 15.00 
Hydantoin-5-Acetic Acid (pfs) 1 gram 3.50 
Hydrocortisone, Alcohol or Acetate 100mg 2.50 

1 gram 8.00 


pfs 
17-a-H ydroxy-21-Acetoxypregnan- 1 gram 6.00 
3,20-Dione (pfs) 


17-Hydroxy-21-Acetoxypregneno- 1 gram 9.00 
lone (pfs) 200 mg 4.00 
38-Hydroxyallopregnan-20-one (pfs) 200mg 3.00 
a-Hydroxybutyric Acid, Barium 5 grams 3.00 
B-Hydroxybutyric Acid (pfs) 5 grams 2.50 
a-Hydroxycaproic Acid 1 gram 11.00 
a-Hydroxy-8-Cyclohexylpro- Inquire 
pionic Acid (pfs) 
17a-Hydroxy-20-8,21-Diacetoxy- 1 gram 10.75 
4-Pregnen-3-One (pfs) 200mg 4.00 
5-Hydroxy Indole-3-Acetic Acid (pfs) 100mg 5.50 
a-Hydroxyisobutyric Acid (pfs) 5 grams 4.00 
a-Hydroxyisocaproic Acid 1 gram 9.00 
a-Hydroxyisovaleric Acid 1 gram 11.00 
6-Hydroxy Lysine HCI, (DL+Allo) 1gram_ 17.00 
(pfs) 250mg 6.00 
5-Hydroxymethyl Cytosine (pfs) 500mg 9.00 
(4-Amino-2 -hydrexy-5-hydroxy- 1gram 14,00 
methyl-pyrimidine) 5 grams 60.00 
8-Hydroxy-8-Methylglutaric Acid (pfs) Inquire 
2-Hydroxy-6-Methylpurine (pfs) 1 gram 45, 
(6-Methyl-2-oxypurine) 100mg 9.0 
4-Hydroxy-5-Methyl-2-Thio- 1gram 2, 90 
pyrimidine (Thio-thymine) (pfs) 5 grams 8.00 
4-Hydroxy-6-Methyl-2-Thio- 25 grams 2.25 


pyrimidine (pfs) 100 grams 8.00 


a-Hydroxy-8-Methylvaleric Acid (pfs) Inquire 
2-Hydroxy-3-Naphthaldehyde (pfs) Inquire 
2:Hydroxy-3-Naphthoic Hydrazide (fs) Inquire 
p-Hydroxyphenylpyruvic Acid, OO mg 3.75 

Sodium Salt (pfs) r gram 5.00 
17-a-H ydroxypregnenolone (pfs) 200 mg 3.00 
17-a-Hydroxyprogesterone (pfs) 1 gram 6.25 


2-Hydroxypurine (pfs) 100 mg 10.00 
2-Hydroxy-6-Thiopurine (pfs)—See 6-Thioxanthine 
6-Hydroxy-2-Thiopurine (pfs)—See 2-Thioxanthine 


4-Hydroxy-2-Thiopyrimidine (pfs)—See 2-Thiouracil 
5-Hydroxytryptamine, 1 gram 15.00 
Creatinine Sulfate Complex 250 mg 5.50 
(Serotonin) (M.P. 214-215° C) (pfs) 100mg 3.00 
5-Hydroxytryptophane (DL) (pfs). 1 gram 40.00 


When available 100 mg 6.00 
a-Hydroxyvaleric Acid 1 gram 11.00 
Hypoxanthine (pfs) 1 gram 2.00 


IDP—See Inosine Diphosphate 
IMP—See Inosinic Acid 
1-5-P—See Inosinic Acid 
ITP—See Inosine Triphosphate 


Indole-3-Acetic Acid (pfs) 5 grams 4.00 
Indole-Acrylic Acid (pfs) 1 gram 4.00 
B-Indoly! Acetonitrile (pfs) S grams 14.50 
Inosine 5’ Diphosphate, Sodium 1 gram 95.50 
Salt, Sigma. Prepared from ATP 500 mg 57.50 
extracted from muscle or yeast 100mg 19.25 
Inosine 5’ Triphosphate, Sodium 1 gram 35.25 
Salt, Sigma. 98-100%, 500 mg 21.75 
From Muscle or Yeast 100mg 7.25 


Inosine 5’ Monophosphate—See Inosinic Acid 
5’-Inosinic Acid, Sigma, Crystalline, 1 gram 10.00 
Inosine-5-Phosphoric Acid. Also 500mg 6.00 
Sodium Salt. Both 99-100% 250mg 3.60 
Derived from muscle or yeast. Crystalline Inosinic 
Acid or Crystalline Sodium Inosinate were prepared 
in the Sigma Laboratories for the first time anywhere 


o-lodosobenzoic Acid 1 gram 3.25 
Isobarbituric Acid (pfs) 1 gram 6.00 
(2,4,5-Trihydroxypyrimidine) S grams 25.00 
Isocitric Acid Lactone, DL, 1 gram 7.70 
Allo-free (pfs) 5 grams 31.00 
Isocitric Acid, Trisodium Inquire 
(DL+ ALLO) (pfs) 
Isocitric Dehydrogenase Inquire 
Isocytosine (pfs) S grams 3.00 
(2-Amino-4-hydroxypyrimidine) 25 grams 13.75 
Isoguanine Sulfate 1 gram 3.75 
(6-Amino-2-hydroxypurine S grams 10.00 


sulfate) 25 grams 43.75 
Isomerase, Phosphohexose, Crude 1 gram 10.00 
From Rabbit Muscle 
Isoorotic Acid (pfs) 1 gram 1.75 
Uracil-5-carboxylic acid Sgrams 4.25 
5-Carboxy-2,4-dihydroxy pyrimidine 
Itaconic Acid (pfs) 
(Methylenesuccinic Acid: 


3-Carboxy-3-Butenoic Acid) grams 1.00 
To Non-Profit Institutions S grams Gratis 
Jack Bean Meal 1 pound 3.50 
Defatted, finely ground powder. 100 grams 2.00 
May be used as a ‘Crude Urease’ 
B-Keto Adipic Acid (pfs) 1gram 5.00 
a-Keto Butyric Acid (pfs) 1 gram 3.00 
a-Ketocaproic Acid or Sodium (pfs) 1 gram 11.00 
a-Keto-§-Cyclohexylpropionic Inquire 


Acid, Sodium Salt (pfs) 

a-Keto Glutarate Solin, Stock 410-2 50m! 4.00 
0.1M in 0.1M Phosphate Buffer pH 7.5 
Stability guaranteed 


a-Keto Glutaric Acid (pfs) Sgrams 5.90 
8-Keto Glutaric Acid (pfs) 5 grams 5.00 
(Acetone Dicarboxylic Acid) 25 grams 18.75 


SEND YOUR ENQUIRIES TO: 
GEORGE GURR, LTD., NEW KING’S ROAD, LONDON, S.W.6 


directly to: 


The Research Laboratories 


SIGMA 


CHEMICAL COMPANY 


3500 DEKALB ST., ST. LOUIS 18, MO., S.A. 
MANUFACTURERS THE FINEST BIOCHEMICALS AVAILABLE 
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microbiological reagents and media 


Bacto-Dehydrated Media for Microbiological Assay 
VITAMINS and AMINO ACIDS 


These media coniain all the necessary nutriments for the growth of specified test organisms for the micro- 
biological assay of vitamins and amino acids except for the component under assay. These basal media 
require only the addition of specified increasing amounts of the vitamin or amino acid being assayed to obtain 
a growth response which may be measured by acidimetric or turbidimetric methods for the construction of 
standard curves. The vitamin or amino acid content of the material under assay is determined by adding 
appropriate concentrations of the test substance to the basal medium and comparing the growth response 
obtained with that of the standard. 
BACTO-RIBOFLAVIN ASSAY MEDIUM BACTO-NIACIN CF ASSAY MEDIUM BACTO-TRYPTOPHANE ASSAY 
ASSAY MEDIUM BACTO-THIAMIN ASSAY MEDIUM MEDIUM BACTO-LEUCINE ASSAY MEDIUM BACTO- 
BACTO-PANTOTHENATE ASSAY MEDIUM BACTO-Bj2 METHIONINE ASSAY MEDIUM BACTO-LYSINE ASSAY 
ASSAY MEDIUM USP BACTO-CS VITAMIN By: AGAR MEDIUM BACTO-ISOLEUCINE ASSAY MEDIUM BACTO- 
BACTO-FOLIC ACID ASSAY MEDIUM BACTO-PYRI- ARGININE ASSAY MEDIUM BACTO-TYROSINE ASSAY 
DOXINE ASSAY MEDIUM BACTO-BIOTIN ASSAY MEDIUM BACTO-CYSTINE ASSAY MEDIUM 
MEDIUM BACTO-CHOLINE ASSAY MEDIUM BACTO- 
The method employed in carrying stock cultures of the test organisms and preparing the inoculum for micro- 
biological assay is important. The following media have been developed especially for carrying stock cultures 
and for preparation of the inoculum: 
BACTO-MICRO ASSAY CULTURE AGAR BACTO-MICRO INOCULUM BROTH BACTO-B,2 CULTURE AGAR USP 
BACTO-B,» INOCULUM BROTH USP BACTO-NEUROSPORA CULTURE AGAR 


BACTO-VITAMIN FREE CASAMINO ACIDS, dehydrated, is an acid hydrolysate of vitamin free casein prepared 
especially for laboratories investigating microbiological assay of vitamins. 


Over years’ experience assures 
UNIFORMITY STABILITY ECONOMY 


Difco Laboratories 


Prompt delivery from U.K. stock. Write for Difco Manual and technical leaflets the sole agents: 


BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND 
Branches in London, Manchester and Glasgow Agents throughout U.K. and all over the world 


TAS/D 


THE 


WITH ROTATING 

COMPENSATOR FOR 
THE MEASUREMENT 
OF VERY SMALi 
RETARDATIONS 


Decennial Index 
Authors Subjects 


1937-1946 VOLUMES 


EDITED 


PRICE 
(20s. members the 
Biochemical Society) 


Orders 


CAMBRIDGE UNIVERSITY PRESS 
BENTLEY HOUSE 
200 EUSTON ROAD, LONDON, N.W.I 
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Labelled 
Compounds 
TRA.2 Acetic anhydride-T TRA.10 Naphthalene-1-T 
TAS/D 


TRA.3 Adenosine-T (G) TRA.11 Progesterone-T (G) 
TRA.12 Sodium acetate-T 
Benzoic acid-T-(ring-G) Stearic acid-T 
TRA.6 Bromobenzene-T (G) (nominally-9, 
TRA.7 Cholesterol-T (G) TRA.14 Succinic acid-2, 3-T 
TRA.8 Hexoestrol-T (meso-3, TRA.15 Thymine-T (G) 
4-bis-p-hydroxyphenyl-n- Toluene-4-T 


TRA.17 DL-Tryptophane-T (G) 


UMMM 


These compounds now available from stock short 
delivery. Enquiries for others are invited. 


(G) Generally labelled 


THE RADIOCHEMICAL CENTRE, AMERSHAM, 
BUCKINGHAMSHIRE, ENGLAND 
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Write for fully descriptive literature 


MEASURING SCIENTIFIC EQUIPMENT LTD., Spenser Street, London, S.W. 
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TRIFUGES 


New high-speed centrifuges available with 
without refrigeration. 


17,000 r.p.m. 
33,000 centrifugal force 


for 


Sealed compressor unit refrigerated 
model for trouble-free service. 


Tel.: VIC 5426 


Synthetic Cryst. Vitamin 
Acetate, Alcohol, and Palmitate 


cryst. 


Aneurine Hydrochloride B.P. 
(Vitamin 


Riboflavin B.P. (Vitamin Be.) 
Nicotinic Acid B.P. 
Nicotinamide B.P. 


Pyridoxine Hydrochloride B.P.C. 
(Vitamin 


Pyridoxamine dihydrochloride 
Pyridoxal-ethyl-acetal hydrochloride 
Calcium-d-Pantothenate 


Sodium-d-Pantothenate 


ROCHE PRODUCTS LIMITED 


vitamins and related substances 
available for research 


d-Biotin 

Cocarboxylase 

Folic Acid 

Inositol 

Ascorbic Acid B.P. (Vitamin C.) 
Sodium Ascorbate 

Calciferol (Vitamin 


DL-alpha-Tocopheryl Acetate 
(pure synthetic Vitamin E.) 


DL-alpha-Tocopherol (unesterified) 
Disodium DL-alpha Tocopheryl phosphate 
Menapthone B.P. 


Manchester Square London 
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mon reaction which releases plasma kinin and initiates coagulation. 
Micro-electrode studies cerebellar electrical activity the frog. 


MEETER, The relation between end-plate depolarization and the repetitive 
response elicited the isolated rat phrenic nerve-diaphragm preparation 
DFP. 


GRAYSON, and KINNEAR, Vascular and metabolic responses the liver 
insulin. 


Activation plasma contact with glass: evidence for com- 
menstrual fluid and endometrial curettings. 


BAIRD, SHEILA and PICKFORD, MAry. The simultaneous occurrence certain 
changes uterine and renal activity dogs, and the role oxytocin 
these phenomena. 


and ELEANOR. The effects adrenaline, noradrenaline 
and isoprenaline skeletal muscle contractions the cat. 


Coats, A., DENTON, and The ionic balances and 
transferences the sheep’s parotid gland during maximal stimulation. 


Gastric secretory responses after portal venous ligation. 
Dicker, The effects methylpentynol ethanol drinking and water 
metabolism rats. 


BURGH and MARY The effects stimulation the carotid 
body chemoreceptors heart rate the dog. 


The behaviour frog muscle hypertonic solutions. 


and Membrane permeability change during inhibitory 
transmitter action crustacean muscle. 


Subscription price 80s. per volume three parts, post free 
Single parts 30s. each, postage extra 


CAMBRIDGE UNIVERSITY PRESS 


BENTLEY HOUSE, 200 EUSTON ROAD 
LONDON, 
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N-METHYLPHENAZONIUM METHOSULPHATE 


FOR ELECTRON TRANSPORT 


Dickens and (Biochem. 32, 1615 (1938)) described 

the preparation number compounds phenazine, including 
N-methylphenazonium methosulphate, and their use substitutes 


for the old yellow enzyme the oxidation hexose monophos- 
phate. They also determined the oxidation-reduction potentials the compounds prepared 

N-Methylphenazonium methosulphate has since been used electron acceptor carrier 
for particulate succinic dehydrogenase preparations, while Singer al. (Henry Ford 
International Symposium: Enzymes, Units Biological Structure and Function, 419 (1956)) used 
acceptor for soluble succinic dehydrogenase extracted from mitochondrial acetone powders 
with mildly alkaline buffers. 

The use methosulphate acceptor the determination 
succinic dehydrogenase activity has been reviewed detail Singer and Kearny 
(Methods Biochemical Analysis, 312 (1957)). These workers draw attention the necessity 
protecting the compound, both when dry and aqueous solution, from exposure light. 
They recommend, moreover, that solutions glass-distilled water, not neutral buffers, 
should stored frozen state. They also point out that succinic dehydrogenase rapidly 
inactivated when the compound allowed react with the enzyme the absence succinate, 
the inactivation being due reaction with —SH groups the enzyme. 


Phenazine methosulphate one several hundred com- 
pounds listed the second supplement our catalog No. 


available from stock $18 for 


Write for Catalog No. Listing over 3200 research 
and its two additions chemicals 
ris all Vv 

ALDRICH CHEMICAL COMPANY, INC. 
2369 NORTH 29TH STREET MILWAUKEE 10, WISCONSIN, 
British Sales Agent: RALPH EMANUEL, Leather Market, Weston St., London, 

Tel. Hop 2292 
Printed Great Britain the University Press, Cambridge 
(Brooke Crutchley, University Printer) 


The redox characteristics phenazines are discussed Elderfield (Heterocyclic 
Compounds, 666 (1957): New York: John Wiley Sons, Inc.; London: Chapman Hall, 
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